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INTRODUCTION 
"Evaluation of Runoff Coefficients from Small Natural 
Drainage Areas" is the resu.lt of interaction between two research 
projects. One project, "Economic Analysis of Alternative Flood 
Control Measures," (OWRR Project No. A-001-KY) is sponsored 
by the University of Kentucky Water Resources Institute and 
supported in part by funds provided by the United States Department 
of Interior as authorized under the Water Resources Research Act 
of 1964, Public Law 88-379. The other project is sponsored by 
the Division of Research, Kentucky Department of Highways, 
and supported in part by funds provided by the United States Depart-
ment of Transportation, Bureau of Public Roads (KYHPR-64-23). 
Special thanks for help in obtaining the data required for 
the study are also extended to many scattered offices of the Soil 
Conservation Service, the Geological Survey, and the Weather Bureau. 
The goal of this report is to use the Stanford Watershed Model 
to develop a better procedure for estimating the flood-frequency 
relationship for small drainage areas. It amounts to an analysis 
and extension of a procedure recently reported by K. D. Clarke, 
Assistant Research Engineer for the Department of Highways. It 
provides information necessary for a procedure developed by C. R. 
Dempsey for developing the hydrologic data required as input to 
the University of Kentucky Flood Control Planning Programs. The 
methodology described is still in an intermediate stage with a great 
deal of further refinement being required before consistently reliable 
results can be achieved. However, current findings already suggest 
a significant improvement in estimating design peaks from small 
watersheds. iii 
As research in applying the Stanford Watershed Model to 
estimating flood peaks from small drainage areas is continuing at 
the University of Kentucky, any comments or suggestions the reader 
may have will be sincerely appreciated and should be addressed to 
L. Douglas James, Project Director. 
iv 
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ABSTRACT 
The Kentucky Department of Highways, as do most other 
agencies which build small drainage structures, estimates flood 
peaks as the product of a runoff coefficient, a rainfall intensity, 
and the drainage area, Available procedures were applied to 39 
gaged watersheds in and near Kentucky and compared with the 
results of frequency analysis of historical stream gage records. 
The methods consistently underestimated the flood peak. 
Therefore, a more intensive study (using the Stanford Water-
shed Model) of the runoff coefficient was undertaken by dividing 
it into overland flow and streamflow components. A set of curves 
was developed based on the SO-year event at Lexington, Kentucky, 
to estimate the peak rate of overland flow as a fraction of rainfall 
intensity from five measurable watershed characteristics (soil 
depth, permeability, overland slope, impervious area, and soil 
surface exposure). The streamflow component was not studied, 
A study was made of the variation of the runoff coefficient 
with mean annual rainfall, rainfall intensity, and frequency. The 
investigation was based on applying the Stanford Watershed Model 
to six hourly-rainfall records. The result was a set of correction 
factors to apply to the overland flow values estimated from watershed 
characteristics. 
v 
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Chapter I 
THE USE OF RUNOFF COEFFICIENTS 
INTRODUCTION 
Highway and drainage engineers are constantly required to 
design a means of conveyance for peak flows from small ungaged 
watersheds . The size and cost of a flood control channel or 
drainage structure is largely determined by the design flow. The 
hydrologic analysis is normally required to provide a flood peak for 
a specified recurrence period. Either overestimation or underestima-
tion of the flow can be costly. Overestimation increases construc-
tion cost; and, as it is, over 15 percent of highway development costs 
are spent on structures at small stream crossings (3, p, 1). Under-
estimation increases damage when the facility design flood is 
exceeded. 
Many empirical equations for predicting flood peaks from small 
drainage areas have been formulated and are in use. Most of these 
formulas try to combine the many factors which control streamflow 
into a simple formula. This oversimplification inherently ignors 
the true complexity of the underlying relationships. These empirical 
formulas require much judgment and experience from the designer 
in selecting the appropriate coefficients, and a conservative 
approach is usually followed. This, of course, results in over-
design and substantial increase in cost. A method of sizing the 
openings of minor drainage structures which accounts for the 
variability in watershed conditions while relieving the requirement 
of so much personal judgment is needed. 
PREDICTING FLOOD PEAKS 
When dependable streamflow data is available, it should be 
used to predict flood peaks. However, most of the time, especially 
on smaller streams, such data is limited or nonexistent. When no 
direct information is available, the estimation of flood peaks must 
come from rainfall-runoff correlations or estimates based on gaged 
watersheds of like physical characteristics. Precipitation informa-
tion is more often available than streamflow records, and the runoff 
fraction can be correlated with the physical characteristics of the 
drainage basin. If there is a gaged watershed nearby which has 
similar characteristics, it can be used to better estimate the runoff 
fraction or predict a flood peak directly. 
Of the many empirical relationships which have been developed 
to estimate flood peaks, only a few have achieved widespread use. 
Some of these equations, such as Talbot's formula, attempt to size 
the waterway directly. Others estimate the peak flow from the 
watershed, and the structure is designed by a hydraulic analysis 
based on that flow. A great number of studies have compared the 
alternative methods for estimating flood peaks from small watersheds; 
and despite a number of theoretical defects, the consensus usually 
goes to what is called the "rational method" for practical reasons. 
The rational formula was originally developed by sewerage 
engineers to estimate runoff from urban areas for the purpose of 
designing storm sewers. Thomas Mulvany (22), in 1851, clearly 
stated the rational method as it is used today. Emil Kuichling (19) 
developed means for its practical application from measurements 
of rainfall and flow in sewers in Rochester, New York. Dooge (10) 
has traced the various steps in developing better methods for 
predicting flood peaks from small drainage basins from virtual 
ignorance through the older methods to the rational method as it 
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is applied today. The Kentucky Highway Department, in its 
drainage manual (16), stipulates the use of the rational method for 
estimating flood peaks from drainage areas of 10 square miles or 
less. 
The rational formula is 
Q = CIA 
where Q = peak discharge in cubic feet per second. 
I = the average rainfall rate in inches per hour 
for a duration equal to the time of concen-
tration of the drainage area and the frequency 
selected for design. 
A = the area of the drainage basin in acres. 
C = the runoff coefficient which is the ratio of 
the maximum peak flow per acre given in 
cubic feet per second to the average rate of 
rainfa 11 in inches per hour throughout the 
period of concentration. 
The time of concentration is usually based on an empirical 
formula such as that proposed by Kirpich (17): 
T = 0.0078 L 0. 77 / s0 •385 
c 
where T = the time of concentration in minutes; 
c 
L = the length of the basin in feet measured 
from the most distant point in the watershed 
along the watercourse; and 
S = the difference in elevation between the 
furtherest point and the outlet divided by L. 
A simple relationship between runoff and rainfall such as 
Equation 1 implies a greatly oversimplified concept of the true 
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(1) 
(2) 
hydrologic situation. It is based on a number of very approximate 
underlying assumptions. 
ASSUMPTIONS OF RATIONAL FORMULA 
The rational method assumes that the rainfall intensity is 
constant and uniform over the watershed during the time of concen-
tration. A rainfall constant with time and uniform with area becomes 
increasingly more probable for progressively smaller watersheds. 
The rainfall intensity is obtained from intensity-duration curves of 
specified frequencies developed from frequency analysis of rainfall 
data at first order Weather Bureau stations. Typical curves have been 
developed for Kentucky by means of the Gumbel method of frequency 
analysis (5, pp. 13-21). Although the intensity of a given storm is 
never constant for an appreciable length of time, the volume of rain-
fall over a given time yields an average intensity whose use generally 
gives good results for sma 11 watersheds. 
Another assumption is that the frequency of large floods corres-
ponds with the frequency of the rainfall producing them. For storm 
drains and other installations in areas where the surface is nearly 
impervious, greater rainfall intensity is most likely to produce 
greater runoff. However, when applied to natural watersheds, runoff 
also varies with antecedent moisture. A heavy rain could occur on 
a dry watershed and soak into the ground. 
Another assumption of the rational formula is that basin out-
flow reaches equilibrium with the rainfall excess (rainfall intensity 
net of infiltration rate). The practice of selecting the runoff 
coefficient based on characteristics of the watershed surface 
ignors the further retarding effects of overland flow and channel 
storage. It also ignors the time variation in runoff coefficient with 
changing conditions of the watershed surface. Both of these factors 
- 4 -
are examined in this study and in a companion study by Dempsey (8) . 
CONCEPT OF THIS STUDY 
Conceptually the runoff coefficient may be divided into two 
components. The peak rate of overland flow is some fraction (C ) 
0 
of the peak rainfall intensity as determined by the characteristics 
of the soil surface. The peak rate of streamflow is some fraction 
(C) of the peak overland flow as determined by channel storage and 
r 
streamflow routing. The ratio of peak streamflow to peak rainfall (C) 
is the product of these two fractions. For very small watersheds, 
the first effect predominates. For very large watersheds, the second 
effect does. The first effect is more closely associated with the 
volume of runoff while the second effect is largely confined to the 
flood peak. 
The purpose of this research is to study the effects of soil 
surface characteristics on the portion of the runoff coefficient (C ) 
0 
relating rainfall to overland flow. It is not within the scope of the 
study to investigate the second portion of the runoff coefficient (C ); 
r 
however, abundant .literature is available and current research is in 
progress on streamflow routing methods (13, pp, 355-398). 
Dempsey examines the effect of channel improvement on downstream 
flood peaks. 
Once a method has been developed for estimating C from 
0 
measurable characteristics of the watershed surface, the resulting 
value can be considered as a ceiling to the overall runoff coefficient 
(C) in the rational formula. It would apply to very small basins 
and become progressively worse with increased basin size. 
It is also recognized that C is not dependent only on char-
o 
ac teristics of the soil surface. It will tend to be larger at a given 
spot for rare than for frequent storms. It will tend to be larger for 
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a given set of surface characteristics in a humid than in a dry 
climate. Both of these effects will be studied here. 
Finally, the coefficients as defined here relate three events 
of common frequency, for example, the 50-year rainfa 11, the 50-year 
overland flow, and the 50-year streamflow. These three statistics 
may in fact result from three different storms. The coefficients are 
not applicable to predicting runoff from rainfall for every or even 
any particular storm. They are only intended for use in estimating 
flow peaks from rainfall events of common frequency. 
The dis tine tion be tween the two components of the runoff 
coefficient breaks down where the streamflow comes primarily from 
baseflow or interflow as contrasted with direct runoff or overland 
flow. However, overland flow will nearly always contribute almost 
the entire flow to flood peaks rare enough to be used as the design 
capacity of sma.ll drainage structures. Even where it does not, base 
flow can be estimated and added to the total. 
RAINFALL-SOIL SURFACE INTERACTION 
The interaction of rainfall with the land surface governs the 
overland flow runoff coefficient (C ) . The value (1-C ) represents 
0 0 
moisture lost to the soil, surface storage, or atmosphere. The 
interaction of rainfall with the soil surface is a very complex process 
controlled by many factors, Some of these are soil type, depth, 
and permeability; general slope of the overland flow surface; 
density and type of vegeta l cover; type of crops and method of 
tillage; antecedent soil moisture; drainage density as governing 
required overland flow distance; surface roughness as governing 
depression storage; geology; and evapotranspiration. All of these 
factors contribute, to a varying degree, to reducing the amount of 
rainfall to the amount of overland flow that reaches the stream, 
- 6 -
Most of the above factors have a comparatively greater effect on 
small than on large watersheds because they primarily govern the 
component C of the total runoff coefficient. 
0 
The component C becomes progressively more important for 
r 
larger watersheds. The short bursts of intense rainfall which 
determine flood peaks from small watersheds have little effect on 
large watersheds because the rain is unlikely to extend over the 
entire area, the longer length of main stream channel creates a 
longer time of concentration for the larger basin, and the larger 
watershed usually has far more channel storage. All these factors 
flatten the flood peak (23) . 
One of the factors affecting overland flow, hence C , is 
0 
infiltration, the flow of water through the soil surface. Normally, 
the infiltration rate is relatively high initially, diminishes to a 
lower rate as the rain continues, and sometimes reaches the point 
where no water can penetrate the soil surface. 
A soil can have rapid internal drainage but if the water cannot 
penetrate the surface the infiltration rate will be slow. The entry 
of the water through the soil surface is limited by the rate the 
water can be transmitted downward through the soil profile. How-
ever, since soil lies in layers called horizons, the transmission 
rate may vary for successive horizons as the depth increases. 
Permeability variation with depth can be caused by land use or 
cultivation practice which cause fine material to migrate downward. 
Root penetration and humus material increase surface permeability. 
An impermeable layer such as a tight clay may have developed in 
soil formation. 
After a rain begins, a wetting front moves downward through 
the soil. The infiltration rate is limited to the permeability of the 
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least permeable horizon yet encountered by the front. This concept 
can be better explained by showing a typical soil profile and the 
variation of permeability (K) with depth (Figure 1). As a storm 
progresses, water will enter the soil surface, gradually saturate 
the surface horizon, and enter the less permeable A horizon. At 
this time, the water cannot infiltrate at a faster rate than it can be 
transmitted through the A horizon. When the storage capacity of 
the A horizon is exhausted, the transmission rate in the B horizon 
will control. The transmission rate in the C horizon will not be at 
its capacity because of the less permeable B horizon above. 
If the permeability of the surface material is less than the 
transmission rate of any underlying horizon, the rate at which the 
water can enter the surface will be the limiting rate through the storm. 
The infiltration rate can be limited by the available storage 
capacity. The storage available depends on the porosity, depth of 
the horizon, and the moisture already present. If the downward 
moving wetting front encounters a layer of low permeability, the 
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Figure 1. Typical Soil Depth - Permeability Relationship 
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overlying storage capacity will be saturated, and the infiltration rate 
will be equal to the layer transmission rate until a deeper more 
impermeable layer is encountered, 
The manner and extent of soil surface changes during a storm 
largely depend on the soil type, Less changes occur in sandy soils 
than in silts and clays. As the raindrops hit the soil surface, the 
smaller grained soil particles are more likely to disintegrate. Clay 
soils swell when wet, and the colloidal particles cement the surface 
and flow into pores clogging them and greatly reducing infiltration (4). 
The initial wetness or antecedent moisture of the watershed 
increases the amount of rainfall that reaches surface runoff because 
less additional moisture is needed to saturate the upper soil layers. 
Assuming the fraction of rainfall that runs off is constant throughout 
the storm is assuming the rainfall intensity decreases at the same 
rate as the wetness increases. 
The slope of the overland flow surface affects runoff because 
on flat terrain the water flows more slowly than on steep terrain. 
Since the water is in contact with the watershed surface longer, 
more opportunity exists for the water to soak into the soil. There is 
also more time for evapotranspiration. Finally, a steep slope is less 
likely to have depressions, in which water can become trapped and 
subjected to evaporation and infiltration. 
The fraction of the watershed which is impervious (paved 
surfaces and rooftops) has a large effect on the flood peak during 
the time of year when the antecedent moisture is low. The effect 
is much less during the wet time of year when the ground is satu-
rated so that much of the soil surface essentially acts as an imper-
vious material. 
Land use affects runoff by changing the exposure of the soil 
- 9 -
surface. The extremes would be dense forest with a heavy ground 
litter to bare compacted ground which absorbs little moisture. On 
cultivated areas, the direction of cultivation and tillage methods 
may change the direction of overland flow. Even runoff patterns 
which appear to be fixed in wooded or pas lured drainage basins 
may develop very significant changes in one growing season 
(18, pp, 25-28). In a talk to S.C.S. conservationists, Rouse 
(25) said, concerning a watershed near Colorado Springs, 
With no significant difference in physical 
characteristics, the only variable factor is in the 
vegetation and changes in soil conditions induced 
by changes in vegetation i.n a four year period. 
There were pronounced changes in vegetation as 
indicated by the photographs of quadrats taken at 
the end of the two growing sea sons, The ·condition 
of vegetation in 191!0 was not good , ... In marked 
contrast, 1944 was a year of growth and a marked 
recovery had taken place. 
The 1940 rain storm average 5 percent less 
intense and was 10 percent less in total amount 
than the 1944 storm but produced runoff at a rate of 
27 times as great and in an amount 29 times as great. 
Carreker, (2) studied the quantitative effects of rainfall, land slope, 
and the growing of different types of crops on runoff, 
ROUTING 
Water enters the stream from groundwater, interflow, overland 
flow, and rain falling directly on the water surface. Streamflow 
routing is the process of estimating the flow by time at a selected 
point from the flow by time and location as it enters the stream from 
these sources. The problem is essentially one of predicting the 
celerity and shape of a flood wave as it moves downstream (20, 
pp. 216-243). 
Streamflow routing depends upon channel storage and travel 
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time through the basin, The travel time is usually referred to as 
the time of concentration. The time of concentration is the duration 
it takes water to travel from the most remote point in the watershed 
to the point where the flow is to be estimated. This velocity must 
depend on the slope, shape, and condition of the channel. The 
velocity also increases with flow rate. The channel storage in a 
reach of channel is commonly determined by comparing inflow and 
outflow of observed flows. Application of the rational formula in 
practice considers none of these factors in estimating flood peaks 
beyond making the duration of rain be equal to the time of concen-
tration (Equation 2). 
RUNOFF COEFFICIENT EVALUATION PRACTICE 
The runoff coefficient is in practice selected almost entirely 
on the judgment of the engineer. This, of course, results in 
different people using a multitude of different values for equivalent 
watershed conditions. If the value selected for the runoff coefficient 
(C) is based on soil surface characteristics (C ) , the rational formula 
0 
always overstates the runoff with the error increasing as the size of 
drainage basin increases because the routing losses (C) are not 
r 
considered. The error is small for areas of a few square feet but 
becomes increasingly greater as the area increases. 
In an effort to standardize selected values, the Kentucky 
Highway Department drainage manual provides a map of Kentucky 
(Figure 2) showing runoff coefficient values. The areas over which 
uniform coefficients are suggested are very large while in fact 
surface conditions sometimes vary considerably from one small 
drainage basin to another adjacent to it. Using one value of runoff 
coefficient for all basins within several counties is a very gross 
approximation. Therefore what is needed is a method of determining 
- 11 -
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Map of 
KENTUCKY 
Figure 2. Values of C as Used by Kentucky Department of Highways 
~ 
a runoff coefficient for each watershed, or group of watersheds, 
based on measurable physical characteristics. 
NEED FOR IMPROVEMENT 
It appears, then, that the method of estimating flood peaks 
from small watersheds as represented by the present use of the 
rational formula by most agencies, with the Kentucky Highway Depart-
ment being a typical example, leaves much to be desired. The situa-
tion has resulted from the fact that one cannot wait until an entirely 
satisfactory technique is developed. Highway departments cannot 
stop building culverts because estimated design flows are often-
times far from correct. The evolution of a better methodology is a 
gradual process. 
Furthermore, when dealing with such a complex process in 
nature as the relationship between rainfall, runoff, and streamflow, 
it is impossible to develop and impractical to apply a completely 
analytic solution. Complex approaches become just another 
theoretical presentation which are too complicated and involved 
for repeated application by practicing engineers. 
The remainder of this report will be devoted to the develop-
ment of a method for determining the overland flow component of the 
runoff coefficient (C) to be used in the rational formula for the 
estimation of flood peaks from small watersheds. The method will 
account for variation of C with physical properties of the soil 
0 
surface, climate, and frequency. 
- 13 -
Chapter II 
STANFORD WATERSHED MODEL UTILIZATION IN 
PREDICTING FLOOD PEAKS 
Moisture which falls on a land surface as precipitation pro-
ceeds through one or more of several processes collectively called 
the runoff phase of the hydrologic cycle (Figure 3). The runoff cycle 
is not difficult to describe qualitatively; but, before the advent of the 
digital computer, quantitative evaluation of moisture movement was 
too complex for practical hydrologic application. A computer program 
developed by Crawford and Linsley (7) to synthesize the runoff cycle 
has been invaluable in research projects on rainfall-runoff relations. 
THE STANFORD WATERSHED MODEL 
The computer program developed by Crawford and Linsley is 
called the Stanford Watershed Model. It is a mathematical model 
of the hydrologic cycle which utilizes a moisture accounting process. 
A sys tern of equa lions is used to keep a running tabulation of all 
moisture entering the watershed as precipitation, stored within the 
watershed, and leaving the watershed as runoff or evapotranspiration. 
A subroutine is available for handling snow (1), but it was not used 
in this study because snowmelt is not a significant factor in producing 
flood peaks at the latitude and elevation of the basins studied. 
Figure 4 shows a flow chart of moisture movement through the 
runoff cycle as synthesized in the Stanford Watershed Model. 
The path taken by incoming moisture is determined by the antecedent 
moisture storage, the nature of the watershed surface, the entry rate, 
and season of the year. The ultimate alternatives available to the 
incoming water for leaving the basin are evapotranspiration, 
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Figure 4. Moisture Accounting in Stanford Watershed Model 
subsurface outflow, and stream outflow. That water which enters 
a channel is routed to the downstream point where the hydrograph is 
desired. 
The input required by the computer program con sis ts of hourly 
precipitation, average daily evaporation by 10-day periods, a time-
area histogram used for channel routing, values for the parameters 
shown on Figure 4 as describing physical characteristics of the 
watershed, and 4 values describing initial moisture storage (8). 
The exact details of the input and programming are changing with 
further program development, but a current Fortran listing can be 
obtained from the University of Kentucky Water Resources Institute, 
Hourly precipitation data can be obtained from the Weather 
Bureau on punched cards or punched from climitalogical records. 
Evaporation data is available in the climitalogical records. The 
time-area histogram is developed from a map of the basin. Some 
watershed parameters are evaluated directly. Others are determined 
by a trial-and-error process. Values are assumed for the parameters 
which are not measurable, and hydrographs are synthesized and 
compared with recorded hydrographs, The values of the parameters 
are adjusted until the hydrographs synthesized by the computer model 
match the recorded ones with the desired precision. When values 
for the parameters describing the watershed have been established, 
the program can synthesize a continuous hydrograph for the length 
of the hourly rainfall record, The continuous hydrograph can be 
analyzed the same as long-term stream gage records, This trial-and-
enror process appears, at first encounter, to be an extremely 
difficult task, However, reports by James (14, p. 12), Anderson and 
Crawford (1), and the original report by Crawford and Linsley (6) 
should provide help. 
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The computer output consists of average hourly flows and the 
instantaneous peak flow during each day the streamflow exceeds a 
data-specified value. At the end of each water year are printed 
total runoff for each day; monthly and annual runoff totals; summaries 
of the runoff divided into direct flow, interflow, and base flow; 
rainfall and evapotranspiration amounts; end-of-the-month soil 
moisture sotrage indices; and the 20 highest hourly overland flow 
and rainfall values. Clarke (5, p. 54) included an example of the 
computer output in his report. 
The value of the Stanford V\!a tershed Model is not limited to 
synthesizing historical hydrographs. One of its most useful features 
in research is the way the values of the parameters, which describe 
the physical characteristics of the watershed, can be varied by 
very slight adjustment of the input data to study the effect of 
different watershed characteristics on specific phases of the hydro-
logic cycle. 
APPLICATION OF THE STANFORD WATERSHED MODEL TO PREDICT 
FLOOD PEAKS FROM SMALL DRAINAGE AREAS 
Clarke developed a methodology by using the Stanford Water-
shed Model and based on the rational method to predict the peak 
runoff by frequency from drainage areas of 10 square miles or less 
(5). By relating the input data to the computer model to measurable 
characteristics of the watershed, it was possible by use of synthe-
sized flood peaks to correlate the runoff coefficient used in the 
rational formula to these characteristics. This correlation could 
then be used by the practicing engineer to obtain a runoff coefficient, 
thus reducing the amount of personal judgment required. Such a 
procedure would also provide a more objective method to evaluate C 
and result in more consistent values for design. 
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THE COAXIAL CORRELATION 
After surveying several small gaged watersheds in Kentucky, 
Clarke selected the Cave Creek watershed at Lexington, Kentucky, 
as a basis for his study. The criteria used in choosing Cave Creek 
were a minimum of 10 years of continuous runoff record, location 
near a rain gage recording hourly precipitation data, a drainage area 
less than 5 square miles, and adequate soil information (5, p. 8). 
Cave Creek best satisfied these requirements. The Cave Creek 
watershed, located 2. 5 miles west of Lexington (Figure 5), drains 
an area of 2. 53 square miles. Extensive soil surveys and 13 years 
of runoff data were available. 
In his study, six watershed characteristics which could be 
directly measured were concluded to be particularly important in 
determining flood peaks. These were: 
1. Soil motsture storage capacity - measured by depth 
of hydrologic activity. 
2. Peak infiltration rate - measured by soil permeability. 
3. Type and amount of vegetative cover - measured inversely 
as soil exposure. 
4. Impervious fraction of watershed draining directly into 
the stream. 
5 . General slope of the land surface. 
6. Shape of watershed - indexed by the time-of-concen-
tra tion for watersheds of the same area. 
The procedure for quantifying the six indices was stipulated as follows: 
1. Depth of Hydrologic Activity - The depth of hydrologic 
activity was estimated as the depth of soil above a 
surface which backs the water up to saturate the over-
lying soil. This surface may be an impervious soil 
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stratum, bedrock, or the water table. 
2. Soil Permeability - The soil permeability was estimated 
as the least permeability in the soil profile within the 
depth of hydrologic activity. 
3. Soil Exposure - The soil exposure index was evaluated 
by assigning weighting factors to three basic types of 
soil cover and summing the products of these factors and 
the appropriate fraction of the basin area. These 
weighting factors are as follows: 
Barren ground 100 
Grassland 50 
Forest 0 
4. Impervious Cover - The impervious cover was measured 
as the fraction of the watershed which is impervious 
and drains directly into the stream channel. 
5. Overland Slope - The overland slope was the mean slope 
of the land surface perpendicular to the stream channel. 
6. Time-of-Concentration - The time-of-concentration was 
used as an index for expressing the variation in basin 
shape. It is controlled by the length and slope of the 
main-stream channel. 
The Stanford Watershed Model parameters for the Cave Creek 
watershed were developed by trial and error. After assuming probable 
values, the Stanford Watershed Model was used to synthesize storm 
hydrographs which were compared with historical records. The 
parameter values were adjusted until the hydrographs matched within 
the desired accuracy. Having established suitable parameter values 
for Cave Creek, synthesis of a continuous hydrograph for the 4 7 
years of hourly precipitation from Lexington was possible. 
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It was then desired to vary the six watershed characteristics 
within the range of extremes expected to be found throughout Ken-
tucky to see what effect this would have on the flood-frequency 
relationship based on the continuous hydrograph. Using randomly 
picked va.lues, within this range, for the six watershed indices, 
twenty theoretical watersheds (5, p. 86) were established. A set 
of input parameters was estimated for each theoretical watershed. 
Flood peaks were generated with the Stanford Watershed Model. A 
frequency analysis of these peaks gave data for a coaxial correla-
tion (Figure 6) for estimating the SO-year rainfall excess (CI) for a 
2. 53-square-rnile watershed subjected to Lexington rainfall. 
CORRECTIONS TO THE COAXIAL CORRELATION 
By evaluating the six watershed characteristics necessary for 
entering Figure 6, an estimate of the SO-year CI for a 2. 53-square-
mile watershed subject to Lexington rainfall is obtained for use in 
the rational formula. However, for different frequencies, drainage 
areas of different sizes, and locations having different rainfall-
in tensity-duration characteristics the results must be corrected. 
1. Predicting Peaks for Different Frequencies - The flood 
peak in cfs/acre provided by the coaxial correlation 
is that for the SO-year return period. If a different 
return period is desired, the SO-year rainfall excess 
is multiplied by a factor (C ) from Figure 7. 
c 
2. Application to Various Size Drainage Areas - The two 
factors requiring correction to convert from the 2. 53-
square-mile drainage area are time-of-concentration 
and difference in rainfall intensity for the two basins. 
Since stream length (L) is affected by area, a relation-
ship was developed to correct the stream length (L ) 
w 
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in miles in the actual basin to that for a 2. 53-
square-mile basin having the same shape. The 
relationship is 
L=L 
w = 1. 59 
L 
w 
R, 
w 
where A = area of actual watershed in square miles. 
w 
(3) 
This adjusted L is used in Equation 2 to obtain an index 
time-of-concentration used to enter the coaxial corre-
lation. After a value for CI is obtained, a correction 
is needed to compensate for the difference in applicable 
rainfall intensity between the two basin sizes. The 
ratio used is that of the rainfall intensity for the index 
time-of-concentration using L to the rainfall intensity 
for the actual time-of-concentration of the basin area (Aw). 
3. Application to Areas Having Different Rainfall-Intensity 
Characteristics - Since the correlation was based on 
Lexington rainfall, another correction is required for 
watersheds located in areas having a different rainfall-
intensity-dura tion curve. The ratio used is the rainfall 
intensity at the location of the watershed under consider-
ation to the rainfall intensity at Lexington. 
THE PROCEDURE APPLIED 
The procedure developed by Clarke (5) for estimating flood peaks 
may be summarized as follows: 
1. Evaluate the overland slope, depth of hydrologic activity, 
soil permeability, soil exposure, and impervious area 
for the watershed. 
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2. Calculate the index time-of-concentration from 
0.0078 
obtained by combining equations 2 and 3. 
3. Enter the coaxial correlation (Figure 6) with (Tc) b 
and the five values of Step 1 to obtain a value for 
the SO-year rainfall excess (CI) for a 2. 53-square-
mile drainage area based on the Lexington rainfall. 
4. If a return period different from the SO-year is desired, 
read a correction factor (C ) from Figure 7. 
c 
S. Calculate the true time-of-concentration (T ) for the 
c 
actual watershed from Equation 2. 
6. Obtain the SO-year rainfall intensity (Ib) from the 
Lexington intensity-duration-frequency curve based 
on (T)b· 
7. Obtain the rainfall intensity (I ) , for the frequency 
w 
(4) 
desired, from the intensity-duration-frequency relation-
ship for the area in which the actual watershed is 
located and based on T . 
c 
8. Compute the flood peak through use of the equation 
where Q 
Q = CIC 
c 
A 
w 
= design discharge in cfs. 
CI = SO-year rainfall excess 
Cc = frequency correction factor 
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(5) 
I 
w 
A 
w 
= rainfall intensity (inches/hour) for 
watershed under consideration using 
in tens Hy-duration-frequency relation-
ship applying where the watershed is 
located based on the time-of-concen-
tra tion (T ) from Equation 2. 
c 
= base rainfall intensity (inches/hour) 
as read from the intensity-duration-
frequency curves for Lexington and 
based on the index time-of-concentra-
tion ( (Tc)b) from Equation 4. 
= area of watershed in acres 
NEED FOR VERIFICATION OF CLARKE'S METHOD 
Clarke has established a procedure for relating flood peaks 
by frequency to measurable watershed characteristics. Runoff 
coefficients are quite sensitive to variations in certain physical 
and climatic watershed characteristics . The complexity of the inter-
actions controlling the amount of rainfall which reaches the basin 
outlet as streamflow requires the consideration and analysis of many 
factors. Clarke chose six physical characteristics as most influential. 
His resulting coaxial correlation (Figure 6) was quite good 
with respect to his randomly generated values. However, the scope 
of his work did not permit testing the correlation against recorded 
streamflow data. It was suggested that several small gaged watersheds 
be used to test the results of the method for estimating flood peaks. 
Also, the fact that Clarke's method was developed for a water-
shed subjected to Lexington rainfall necessitated a study of the effect 
of different rainfall patterns on the runoff coefficient. At Lexington, 
the annual rainfall is about 44 inches and distributed rather evenly 
throughout the year. It was believed that a different rainfall total 
or pattern might cause appreciable variation in the runoff coefficient. 
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An analysis of the variation of the runoff coefficient with 
precipitation regime and return period is presented in Chapter IV. 
The procedure used and results of the application of Clarke's 
method for predicting flood peaks from small watersheds is pre-
sented in Chapter III. 
- 28 -
Chapter III 
TESTING CLARKE'S PROCEDURE FOR PREDICTING FLOOD PEAKS 
FROM SMALL WATERSHEDS 
SELECTION OF WATERSHEDS 
The method for predicting flood peaks described in Chapter 
II was developed for use on watersheds of 10 square miles or less, 
It was based on a mathematical model using recorded streamflows 
from only one watershed, Data from a large number of small water-
sheds were needed to verify the reliability of the correlation. For 
this study, it was decided that 30 to 40 small watersheds would 
be adequate to give the method a fair test and suggest any modifica-
tions to the procedure which would be helpful, 
However, small watersheds which have an installed stream 
gage with sufficient length of record to make a reasonable estimate 
of the SO-year flood peak are scarce. In order to increase the 
number of gage locations which could be used, the upper size 
limit for watersheds included in the study was extended to 20 
square miles. Even with this larger upper size limit, records 
from very few gaged watersheds were available in Kentucky. To 
further increase the size limit was not practical because it was 
already well above the maximum recommended for application of 
the rational formula, Therefore, the only alternative was to extend 
the study into the states surrounding Kentucky. 
The latest Water Supply Paper, the source of streamflow 
data, was obtained for each of the states of Kentucky, Indiana, 
Missouri, Illinois, Virginia, Tennessee, Ohio, We st Virginia, 
and North Carolina, These reports were examined, and all watersheds 
• 
of 20 square miles or less and having at least 10 years of stream-
flow data were noted. In total, 3 9 watersheds were obtained which 
could be used. A number of other watersheds had more than 10 
years of gaged record but were omitted because sufficient informa-
tion on watershed characteristics could not be obtained. Soil 
information was too limited in Missouri and West Virginia to permit 
use of watersheds in these states. 
Table l lists the 39 watersheds by name, location, and iden-
tification numbers. The location of each watershed, identified by 
number, is shown on Figures 8 through 11. 
EVALUATION OF WATERSHED CHARACTERISTICS 
The initial step in using Figure 6 to estimate flood peaks is 
establishing values for the six watershed parameters used to enter 
the coaxial correlation. In order to locate each watershed, the 
Water Supply Papers (34) contain, for each watershed, a description 
which includes the area of the basin tributary to the stream gage and 
verbal directions and geographical coordinates locating the stream 
gage. The next step was thus to determine the soil and ground 
surface characteristics at each of these sites. Practical consider-
ations required that published material be the source of information 
to obtain values for the watershed characteristics. 
SOURCES OF INFORMATION 
A number of information sources were available for estimating 
these characteristics. 
Agricultural Soil Reports: For much of the United States soils investi-
gations have been completed by the Soil Conservation Service in the 
Department of Agriculture and published in soil survey reports. While 
these reports emphasize soil properties affecting agricultural 
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TABLE 1 
• SMALL WATERSHEDS USED IN THIS STUDY 
KENTUCKY 
1. Perry Creek at Mayfield in Graves Co. 
2. South Fork of Little Barren River at Edmonton in Metcalf Co. 
3. Middle Fork of Beargrass Creek at Louisville in Jefferson Co. 
4. South Fork of Beargrass Creek at Louisville in Jefferson Co. 
5. Bear Branch near Nobel in Breathitt Co. 
6 . Helton Branch at Greenwood in McCreary Co. 
7. Cane Branch at Parker's Lake in McCreary Co. 
8. Rose Creek at Nebo in Hopkins Co. 
9. Rock Lick Creek at Glen Dean in Breckinridge Co. 
VIRGINIA 
10. Cedar Run at Warrenton in Fauquier Co. 
11. Rush River at Washington in Rappahannock Co. 
12. Mountain River at Culpeper in Culpeper Co. 
13. Georges Creek at Gretna in Pittsylvania Co. 
14. Four Mile Run at Alexandria in Fairfax Co. 
15. Middle Fork of the Holston River at Grosclose in Symth Co. 
16. Beaver Creek at Wallace in Washington Co. 
WASHfNGTON WATER 
OHIO RESEAROtt CENTER Lf&RAII'( 
17. Home Creek at New Philadelphia in Tuscarawas Co. 
18. Hunter's Run at Lancaster in Fairfield Co. 
19. Mad River at Zanesfield in Logan Co. 
INDIANA 
20. Bean Bloss um Creek at Bean Blossum in Brown Co. 
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TABLE 1 - Continued 
21. Bear Creek at Trevlac in Brown Co. 
22. Brush Creek at Nebraska in Jennings Co. 
TENNESSEE 
23. Wartrace Creek at Bell Buckle in Bedford Co. 
24. Big Bigby Creek at Sandy Hook in Maury Co. 
25. First Creek at Mineral Springs St., Knoxville, in Knox Co. 
26. First Creek at Fifth Avenue, Knoxville, in Knox Co. 
ILLINOIS 
27. Gimlet Creek at Sparland in Marshall Co. 
28. Ackerman Creek at Farmland in Peoria Co. 
29. East Branch of Panther Creek near Gridley in Livingston Co. 
30. South Fork of Sangamon River near Nokomis in Christian Co. 
31. Mary's River near Sparta in Randolph Co. 
NORTH CAROLINA 
32. Cathy's Creek at Brevard in Transylvania Co. 
33. Crab Creek at Penrose in Transylvania Co. 
34. Boylston Creek at Horseshoe in Henderson Co. 
35. Swannanoa River at Black Mountain in Buncombe Co. 
36. Bee tree Creek at Swannanoa in Buncombe Co. 
37. Allen Creek at Hazelwood in Hayw·ood Co._ 
38. Noland Creek at Brynson City in Swain Co. 
39. Forbush Creek at Yadkinville in Yadkin Co. 
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Figure 11. Ohio and Indiana Stream Gage Locations 
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productivity rather than runoff, they nevertheless provide a valuable 
reservoir of important information. The more recent reports contain 
much more information useful for hydrologic studies. 
The studies are mostly concerned with the soil surface, 
rarely extending to depths greater than 10 feet. They classify soils 
according to color, structure, texture, biological characteristics, 
and morphology. Specific soil classifications are described in detail. 
The area surveyed for a published soils report is usually a 
county. Each report contains a soils map showing the pedological 
classification for the various soils that occur, distinguishing them 
by color and letter designation. However, in the more recent (after 
about 1950) reports, the soil maps consisted of lines, separating 
different soil types designated by letters, superimposed on aerial 
photographs. Also, a general soils map is included showing the 
main categories of soils, ca1led soil associations. The general 
soils map is useful in locating areas suitable for a certain kind of 
farming or land use, but it is not sufficiently detailed to be recom-
mended for hydrologic evaluation of the soils except as a last resort. 
In addition to the county wide soils reports, many individual farms 
have been surveyed and mapped using the same system of classifica-
tion. Al.so, some counties and specific areas of some states have 
been mapped by state agencies, for example the University of 
Illinois Agricultural Experiment Station in Urbana. 
The soil surveys if in print may be purchased from the Super-
intendent of Documents, Washington, D. C. Out of print maps and 
reports and other unpublished surveys may be available for examina-
tion through the U. S. Department of Agriculture, universities, or 
libraries. Soil Conservation Service extension agents are most 
cooperative in furnishing information through correspondence. 
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In the 17 Western States, agricultural soil surveys made for irriga-
tion purposes may be obtained through the Bureau of Reclamation. 
The soils as described in the published reports are divided 
into "soil series" each having the same age, climate, vegetation, 
relief, and parent material. According to this type of classification 
the soil profile of each series is similar in all respects except for 
a variation in texture or grain size of the topsoil or A horizon. The 
final classification, called the "soil type," depends on the soil 
series and the textural classification of the topsoil. The soil 
surface texture is of major importance in determining surface permea-
bility and hence runoff. 
Topographic Maps: A topographic map was a necessity in evaluating 
some of the watershed characteristics required in this study. The 
U. S. Geological Survey is responsible for making topographic maps 
of the United States . Each map shows local surface relief by 
contours of equal elevation. These maps usually cover 7 .5-minute 
quadrangles at a scale of 1:24000. Some cover 15 minutes or 30 
minutes. The quadrangles are designated by the name of a town or 
some prominant feature. 
Colors are used on the publi'shed maps to distinguish classes 
of map features. Two are of special interest for hydrologic studies. 
Green shading symbolizes wooded areas, and special green symbols 
signify special vegetative features. Red shading denotes urban 
areas. 
In the absence of topographic maps, other types of maps 
may be examined. The availability of other special maps and a 
list of agents for topographic maps are listed on the index to topo-
graphic maps for each state. Also, this list includes locations such 
as colleges, universities, and Libraries where maps for that state 
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may be consulted. Many university libraries contain a complete 
file, by state, of all the published topographic maps of the United 
States. A map index can be obtained without charge from any state 
U.S.G.S. office. Requests and inquiries on published maps or 
other information should be directed to U.S. Geological Survey, 
Denver Federal Center, Denver, Colorado, or Washington 25, D. C. 
Airphotos: Aerial photographs can be very useful to supplement 
other sources in obtaining quantitative values for watershed character-
istics. There are vertical photographs in which the camera axis 
is vertical and oblique photographs in which the axis is inclined. 
Vertical photographs are most commonly used in topographic, 
soil, geologic, and surface interpretations. The airphoto reveals 
all surface features not concealed by vegetation. 
Information on several watershed characteristics can be 
obtained from airphotos. A relative indication of the permeability 
is provided by the type and density of the drainage pattern. A 
dense, finely divided drainage pattern indicates a soil with a low 
infiltration rate producing high runoff. The absence of a drainage 
pattern indicates low runoff resulting from a high infiltration rate. 
However, a high water table will make it more difficult to relate 
infiltration to drainage pattern. Erosional features also indicate 
the texture of the exposed soil. Short, steep, V-shaped gullies 
with uniform gradients are associated with granular materials. 
Long gullies with uniform gradients and rounded cross-sectional 
slopes are associated with fine-grained plastic soils. Silts and 
sand-clay materials usually exhibit gullies having U-shaped 
cross-sections and compound gradients (33, pp. 86-89). Soil 
types may be indicated by contrasting color tones in the photos 
caused by relative depths to the water table. Vegetative cover 
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can be used as an effective indicator of nature and moisture condi-
tion of the soil. Airphotos are extremely useful in determining land 
use and in estimating the extent of impervious surfaces. 
Almost the entire United States has been photographed, and an 
index map of the United States is available from the U. S. Geological 
Survey, Washington 25, D. C. This map shows which of seven 
government agencies can provide prints for specific areas. When 
ordering photos, stereoscopic coverage may be obtained by overlapp-
ing the coverage on adjacent photos to pennit three-dimensional 
viewing. 
MEASUREMENT OF WATERSHED CHARACTERISTICS 
These available sources of information thus became the primary 
references for measuring the various watershed characteristics. 
Soil Characteristics: Quantitative data on soil permeability by depth 
was needed. Since the soils were surveyed and the reports pub-
lished by counties, the watersheds to be used were first located by 
county to determine whether or not a soil report was available. The 
soil reports needed were found in the University of Kentucky Agricul-
tural Library except for a few acquired from the University of Illinois 
Experiment Station. 
The stream gage was located on the soil map, and the drainage 
area was outlined. The amount of each soil type was determined as 
a fraction of the total drainage area. The next step was to obtain 
values for permeability by depth for each soil type. The depth to 
which storm water could freely infiltrate was estimated. The permea-
bility of the soil within this depth was also estimated. The 
characteristic permeability and depth for each soil type was weighted 
by fraction of the total watershed area in that soil to estimate an 
average permeability and depth for the watershed, 
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The procedure was severely limited by the information available 
in the soil reports not being sufficiently detailed to provide reliable 
quantitative data for permeability and depth. Most of the reports 
published after 1955 contain quantitative data on soil permeability 
by depth through the soil profile, However, though progress is being 
made to update old surveys and make new ones, recent soil reports 
were available for only a few of the 39 watersheds, Reports dating 
back to 1917 had to be used in some cases, Soil reports completed 
prior to 1950 were of very limited use and those prior to about 1940 
were practically no help. 
In many of the reports, permeability for a specific soil type 
is qualitatively described in terms such as moderate, slow, rapid, 
etc. In the manual (31, p. 168) used by the Department of Agricul-
ture, values were found corresponding to these qualitative terms as 
listed on Table 2. 
TABLE 2 
PERMEABILITY BY SOIL CLASSIFICATION 
U.S. D. A. Classification 
Slow: 
1. 
2. 
Very Slow 
Slow 
Moderate: 
3. Moderately Slow 
4. Moderate 
5. Moderately Rapid 
Rapid: 
6, 
7. 
Rapid 
Very Rapid 
Permeability in inches/hour 
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<0.05 
0.05-0.20 
0.20-0.80 
0,80-2,50 
2.50-5,00 
5.00-10.00 
>10 
l 
The difficulty in estimating permeability was overshadowed 
by that in estimating the depth of hydrologic activity. For agricul-
tural purposes, the depth to bedrock or to some layer restricting 
infiltration is of little concern unless it affects cropping. In 
instances where no data on soil depth was available in the local 
soil report, the soil types within the watershed were noted, and 
more recent reports for nearby counties which contained values for 
depth were examined in search of the soil types needed. When the 
soil types were found in another report, the data on depth was 
taken from that report. The same procedure was followed when 
permeability data were not contained in the report applicable to 
the watershed under study. This practice seemed reasonable 
because soils of the same type have evolved from the same type of 
parent material, occur on similar topography, and have practically 
the same characteristics despite being in different locations. 
Time-of-Concentration: For the evaluation of the time-of-concentra-
tion, the stream gage was located on a topographic map, and the 
difference in elevation (H) between the most remote spot in the water-
shed and the stream gage was obtained. The distance (L) along the 
watercourse was measured between these two points. The values of 
H and L (S=H/L) were used in equation 2 for calculating the time-of-
concentra tion. 
Exposed Surface: The soil exposure is governed by the type of vegeta-
tive cover and prevailing farming practice. Several soils reports 
contained the percent of each soil type which was in pasture, in 
crops, and in woods. Although most of the soils reports were not 
recent, land use was assumed to not change appreciably in small 
rural watersheds over the years. Nearly every one of these 39 
watersheds was in a rural area. Information from the soils reports 
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were supplemented by topographic maps. The fraction of the water-
shed in green tint was taken as wooded area. The rest of the 
watershed (excluding that determined impervious) was taken as 
grass or plowed ground. By examining the topography, type and 
extent of buildings, fences, and any special map designations, an 
estimate was made of the fraction in pasture or grass and the fraction 
cultivated. The fractions of the watershed in trees, grass, and 
plowed ground were multiplied by the appropriate weighting factors 
(p, 21) and a weighted value for the watershed obtained. 
Overland Slope: The overland slope was measured in one of two 
ways. In most of the agricultural soils reports, the general land 
surface slope of each soil type was given. The fraction of the water-
shed in each soil type was multiplied by the slope, and the products 
were added to obtain a weighted value for the watershed. If the 
slope data were not in the soils report, a topographic map was used. 
Slopes were measured from the map at random points throughout the 
watershed and averaged. Both measurement methods were used for 
some of the watersheds, and the results showed no significant 
difference. 
Evaluation of Measurements Obtained: The reliability of watershed 
characteristics estimated from published sources was limited by a 
number of factors. Soil exposure and impervious area change with 
time, and the published information ranged up to over 50 years old. 
Depth and permeability information could only be crudely estimated 
for all but a few of the areas. Values for a given soils classifica-
tion may have been determined at a distance from the des ired 
watershed, and both properties are subject to areal variation. 
Many watersheds were not located on good agricultural soils, 
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where mapping .tends to be less precise. Errors of a few hundred 
feet in plotting boundaries between soils types could have a major 
effect on the weighting factors for a small watershed. 
The scope of this study did not permit field checks to verify 
characteristics estimated from published soils reports and topo-
graphic maps. It appears, to reliably evaluate the watershed 
characteristics, that a trip to the site is necessary. Current infor-
mation concerning the land use (hence, exposed surface) and 
existing impervious areas can be collected first hand. Additional 
soils information may be available locally or soil sampling may be 
possible. For example, if a new highway crossing a group of small 
watersheds is to be built, soil sampling for other purposes will be 
completed anyway. In any case, field checks, possible in most 
design situations, would provide better estimates than were possible 
in this study. 
One source of published material not used in this study 
because of time and cost limitations was airphotos. The help 
which can be obtained from recent airphotos should not be under-
estimated. Their use by an experienced engineer can provide 
valuable information and substantially reduce the amount of field 
work required. 
ESTIMATING FLOOD PEAKS 
Having measured the watershed characteristics (Table 3), 
Figure 6 as developed by Clarke was used to obtain a value for 
the SO-year CI for each of the 39 water.sheds (Table 4). Equation 
5 was then used to calculate each SO-year flood peak. For use in 
equation 5, the term I was read from the intensity-duration-fre-
w 
quency curves applying to the closest first order Weather Bureau 
rain gage if it was available (5, pp. 13-21). Where the curves 
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were not readily available, I was calculated from 
w 
where I = the rainfall intensity in inches per hour. 
w 
T = the return period which for this study was equal p 
to 50 years. 
t = the duration in minutes calculated from equation 2. 
(6) 
k, x, and n = regional constants depending on whether t is 
more or less than 60 minutes. Appropriate values of k, x, and n for 
specific locations were obtained from published maps (20, Figures 20-
21 through 20-25). 
The SO-year flood peak was estimated from the historical record 
for each of the 39 watersheds by applying the Gumble method of fre-
quency analysis to the annual flood peaks for each year of record 
taken from the Water Supply Papers (34), The watershed characteristics 
determined for each of the 39 watersheds, the SO-year flood peak 
estimated from the gaged record, and the flood peak estimated by 
Clarke's method are tabulated on Tables 3 and 4. Table headings 
are explained by the discussion on pages 19-27, 
DISCUSSION OF RESULTS 
Table 4 shows the flood peaks estimated from Clarke's curves 
to be consistently smaller (33 cases out of 39) than those estimated 
from the historical record. The runoff coefficient (C) is being under-
estimated. This can be explained by a combination of deficiencies 
in the method and inability to properly evaluate the watershed character-
is tics. 
The primary difficulty in evaluating watershed characteristics 
was selection of the critical combination of depth and permeability 
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TABLE 3 
WATERSHED CHARACTERISTICS FOR 39 NATURAL WATERSHEDS 
Watershed Record H L L (Tc)b (T ) Slope Depth Permea- Exposed Impervious w w CW bility Surface Area 
(Table 1) Years Ft. Ft. Ft. Min. Min. Ft/Ft In. In./Hr. Index Percent 
1 13 50 10000 12124 84 72 .025 33 1. 60 50 1 
2 24 279 49000 18212 109 233 .30 17 1. 30 30 1 
3 22 260 50000 18287 113 245 . 01 60 0.95 51 10 
4 22 230 47000 18019 114 239 . 01 17 1. 30 55 14 
5 11 680 13500 14439 39 37 .30 27 2.30 0 4 
6 10 390 77600 13107 36 24 .27 38 3.50 0 12 
"'" 
7 10 365 6500 12626 34 20 .27 38 3.50 0 21 O' 
8 15 45 10700 11740 87 81 .025 28 1. 44 69 3 
9 10 280 31500 11171 63 140 .090 30 1. 80 37 10 
10 16 950 24360 10742 35 65 . 15 28 2.60 36 1 
11 13 2000 33800 13785 36 71 . 21 60 7.00 12 5 
12 17 120 22700 94.14 67 133 . 13 120 6.50 36 2 
13 17 340 32500 17037 82 134 .08 40 5.00 32 4 
14 15 320 39000 16341 87 170 . 10 24 1. 75 25 40 
15 10 1150 22000 12868 35 54 . 19 20 1. 49 49 0 
16 12 390 40000 17183 85 162 . 19 31 1. 90 70 0 
17 27 230 9000 11174 42 35 .13 19 2.50 48 1 
18 10 320 41500 20866 108 183 .08 20 4.50 60 2 
19 20 300 24000 14114 66 99 .09 120 0.22 52 2 
TABLE 3 - Continued 
Watershed Record H L L (T )b (T ) Slope Depth Permea- Exposed Impervious 
w w C CW Surface bility Area 
(Table 1) Years Ft. Ft. Ft. Min. Min. Ft/Ft In. In. /Hr. Index Percent 
20 15 260 39500 16437 95 187 .11 47 0.67 32 0 
21 14 250 23000 13822 69 102 . 19 26 1. 90 6 0 
22 11 185 42000 19523 127 229 .OS 32 0.45 57 0 
23 11 370 39000 15359 78 161 . 19 31 1. 90 50 3 
24 11 410 28000 10642 50 105 .30 60 1. 60 25 4 
25 11 170 39000 17976 119 217 .11 33 1. 30 42 5 
26 14 220 60600 23649 158 327 .11 33 1. 30 43 11 
27 21 260 
.,,,. 23400 15981 76 102 . 10 58 1. 31 52 1 
--J 28 13 340 11000 5092 21 38 . 03 62 1.31 30 0 
29 17 65 14300 9059 69 99 . 01 40 0.50 96 0 
30 16 90 27600 13353 106 186 . 01 25 0.75 82 2 
31 17 130 33800 12738 96 204 .03 61 1. 21 40 1 
32 11 1020 28000 13016 41 74 .60 19 1. 65 2 0 
33 13 925 27000 9632 41 72 .36 27 2.20 20 0 
34 13 926 53000 21905 81 161 . 21 30 1. 65 28 0 
35 32 2850 38000 12385 30 71 .45 25 1.65 4 0 
36 34 2280 17000 11568 23 31 .48 46 1. 65 0 2 
37 11 2340 23000 9637 22 43 .45 32 2.03 0 0 
38 25 3720 38000 16265 33 64 .47 19 1. 68 0 0 
39 21 240 41000 13994 88 201 .22 79 1. 65 26 0 
• • 
TABLE 4 
HYDROLOGIC VALUES FOR 39 NATURAL WATERSHEDS 
Watershed I Ib A CI 50-Year 50-Year w w Flood Flood 
M' 2 
(Fig. 6) (Equation 5) (Historical) 
(Table 1) In./Hr. In./Hr. 1. In. /Hr. cfs cfs 
1 2.45 2.50 1. 72 0.312 338 1315 
2 1. 00 2. 10 18.30 0 .303 1670 2520 
3 0.75 2.05 18.90 0.295 1305 3970 
4 0.75 2.01 17.20 0.390 1602 4380 
5 4. 10 4. 00 2.21 0.210 305 633 
6 5.33 4. 18 0.85 0.250 174 255 
7 5.74 4.30 0.67 0.260 149 294 
8 2. 03 2.40 2.10 0.356 405 1452 
9 1. 57 3.00 20.10 0.365 2629 10770 
10 3.08 4,30 13. 00 0.300 1788 4153 
11 2.90 4.25 15.20 0.006 40 2687 
12 1. 74 2.90 14.70 0.0125 70 5860 
13 1. 72 2.50 9.20 0. 100 405 1515 
14 1.46 2.40 14,40 0.750 4170 4635 
15 3.52 3,90 7.39 0.330 1409 1050 
16 1. 53 2.33 13.70 0.360 2073 503 
17 5.03 3.85 1. 64 0.337 462 369 
18 1.14 2. 10 10.00 0.281 976 2356 
19 1. 86 2.90 7. 31 0.300 900 1425 
20 1. 24 2.15 14.60 0.260 1400 7243 
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TABLE 4 - Continued 
Watershed I Ib A CI SO-Year SO-Year w w Flood Flood 
. 2 (Fig. 6) (Equation 5) (Historical) (Table 1) In./Hr. In./Hr. M1. In./Hr. cfs cfs 
21 1. 98 2.64 7.00 0.240 805 2577 
22 1. 02 1. 60 11. 70 0.320 1530 3867 
23 1. 62 2.48 16.30 0.290 1980 9172 
24 2.40 3.48 17.50 0.260 2000 3539 
25 1. 05 1. 77 11. 90 0.330 1491 1605 
26 0.75 1. 68 16.60 0.360 1680 1520 
27 1. 94 2.50 5 .42 0.270 727 3294 
28 3.56 5. 15 11. 80 0.180 940 3359 
29 2.04 2.64 6.30 0.430 1340 1768 
30 1. 31 1. 98 10.80 0.370 1692 1083 
31 1. 25 2. 12 17.80 0.190 1276 1773 
32 3.09 3.60 11. 70 0.270 1740 1898 
33 3. 08 3.60 10.90 0.270 1610 1870 
34 1. 76 2.40 14.80 0.280 1940 1151 
35 1. 59 2.25 23.80 0.290 3100 11369 
36 4.24 5. 10 5A6 0.250 725 1082 
37 3. 73 5. 15 14.40 0.270 1800 1888 
38 3. 12 4.37 13. 80 0.260 1650 1787 
39 1. 46 2.28 21. 70 0.220 1960 3043 
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from published soil reports without benefit of verification by field 
check. Many of the values on Table 3 seem intuitively to be to 
high. Storm rainfall is highly unlikely to pentrate the soil to the 
indicated depths. 
Two major theoretical deficiencies with the method were al so 
noted. No correction of the runoff coefficient for prevailing soil 
moisture content or rainfall intensity was made. Such corrections 
are discus sect and developed in Chapter IV. Furthermore, the 
runoff coefficient can be divided between overland flow (C ) and 
0 
streamflow routing (C) components. All of the measured watershed 
r 
characteristics except the time-of-concentration affect C . Time 
0 
of concentration as an index of watershed shape (5, pp. 66-67) is 
a rather poor parameter for expressing the full effect of streamflow 
routing on the flood peak. Channel size, slope, hydrauli.c roughnes?, 
alignment, density, and probably other properties are also important. 
At this point, a basic decision had to be made in this research. 
Two alternatives were available. One was to begin a concentrated 
study of the parameters contra !ling s treamflow routing. The other 
was to concentrate on better evaluation of C , an expression of 
0 
the interaction between precipitation and the soil surface. As 
much of the current hydrologic research is concentrating on routing, 
the second alternative was selected. 
c. 
0 
Thus, the balance of this report is concerned with evaluating 
This meant dropping the time of concentration from the basic 
coaxial correlation and adding a correction for climatological setting. 
Naturally, applying C alone in the rational formula would yield 
0 
flood peaks which were too high; and studies on estimating C will 
r 
still be needed to complete the method (20, pp. 575-576). 
- 50 -
Chapter IV 
EFFECT OF FREQUENCY AND CLIMATE ON THE RUNOFF COEFFICIENT 
NEED FOR ANALYSIS 
While the runoff coefficient as tabulated in handbooks 
(4, p. 14-8, for example) and applied in practice is usually taken 
as dependent on watershed surface characteristics alone, the 
coefficient established for a given set of watershed surface character-
istics in one locality would not necessarily apply to an identical 
watershed surface in another locality. It would not even necessarily 
apply within the same watershed to floods of different frequency. 
The variation among localities is primarily caused by differences 
in climate with precipitation being the most important single factor, 
Specific climates have characteristic rainfall amounts, time distribu-
tions over the year, and intensities which affect the coefficient. 
Amounts govern soil moisture. A storm of flood-producing intensity 
is more likely to fall on a wetter soil in an area of higher annual rain-
fall. It is more likely to fall on a wetter soil if the annual rainfall 
pattern is such that the peak rainfall intensities occur in the wettest 
months. Furthermore, a soil of given infiltration capacity is able to 
absorb a smaller proportion of a more intense rainfall. This effect 
produces a higher coefficient for a given frequency at a location where 
intense rainfalls occur more often. Thus, the runoff coefficient also 
varies with frequency at a given location because rainfall intensity 
does. 
The purpose of this chapter is to try to quantify the change in 
runoff coefficient caused by differences in precipitation regime and 
frequency. Correction factors are needed before runoff coefficients 
expressed as a function of watershed surface conditions for one 
location and frequency can be applied to another location or 
frequency. 
PRECIPITATION REGIME ANALYSIS 
Different areas are subject to radically different precipitation 
amounts, time patterns, and intensities. A good way to begin an 
analysis of the effects of these differences on the runoff coefficient 
is by a brief review of the climatic factors causing these differences. 
FACTORS CONTROLLING THE PRECIPITATION REGIME 
Globally, climate is largely determined by the general atmos-
pheric circulation system. Locally, climate is modified by bodies 
of water and land surface topography (20, pp. 5-17). Generally 
speaking, annual rainfall increases with proximity to the equator 
or the ocean and with elevation. Peak rainfall intensities increase 
with prevailing atmospheric temperature because warmer air can hold 
more moisture. 
Since the cooling of a rising column of air is necessary for 
moisture condensation, precipitation may be classified according 
to the cause which effects this rise (11, pp. 73-105) There are 
three such causes, convective, orographic, and cyclonic (36, pp. 
73-78). 
Convective precipitation is caused by the rising of warmer, 
lighter air heated at the ground surface into colder, denser 
surroundings. Rainfall intensity is directly proportional to the 
rate of lifting and may vary from light showers to cloudbursts. 
Convective thunderstorms are a major source of summer precipita-
tion in many areas and often produce peak spot rainfall intensities. 
These storms may produce record flood peaks from very small 
drainage basins but are unlikely to do so for larger areas because 
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of the limited areal extent of the rainfall. In most of the East.em 
United States, convective precipitation is most likely to produce 
the peak rainfall intensities applied in the rational formula. 
Orographic precipitation is caused by the mechanical lifting 
of the air by mountains or other natural barriers. When associated 
with cyclonic precipitation, orographic influences cause the precipi-
tation to be heavier on the windward slope and lighter on the 
leeward slope. Orographic precipitation not augmented by cyclonic 
or convective action is ordinarily of low intensity (20, p. 65). 
Orographic influences may consistently cause radical differences in 
precipitation amounts and intensities over small distances. 
Cyclonic precipitation results from the lifting of air converging 
into an area of low atmospheric pressure. The lifting may be 
nonfrontal or frontal. Nonfrontal precipitation occurs when the 
lifting is caused by horizontal convergence resulting from inflow 
into the low pressure area. Frontal precipitation is of two types, 
warm-front and cold-front precipitation. Warm-front precipitation is 
formed when warm air moves, usually slowly, over a wedge of cold 
air. The area of precipitation may extend two or three hundred miles 
ahead of the surface front, and the precipitation is generally light 
to moderate and nearly continuous until after passage of the warm 
front. Cold-front precipitation is caused by a cold air wedge 
advancing more rapidly into warm air and is of shorter duration, 
more limited geographical extent, and a showery nature. Frontal 
movement tends to follow typical patterns by time of year. These 
patterns have a major influence on antecedent soil moisture. 
Most precipitation in the Mississippi and Ohio Valleys falls 
during cyclonic disturbances which originate west of the Mississippi 
River or along the Gulf Coast. These travel in a general north-
easterly direction until they pass out to sea, usually in the vincinity 
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of the St. Lawrence River (9). Superimposed on these very large 
storm patterns are systematic local patterns, sometimes displaying 
marked differences over short distances due to orographic influ-
ences. These systematic differences in local climate should not 
be confused with fluctuating storm pat.terns. Climatic differences 
are caused by variation in elevation, slope, orientation to moisture 
source, and exposure. Storm differences are caused by random 
changes in air currents from storm to storm. 
Donley and Mitchell (9) studied the relationship between rain-
fall and elevation in the Southern Appalachian Region. Spreen, 
later, developed a coaxial correlation for an area in Colorado relating 
precipitation to elevation, slope, orientation, and exposure (2 8, 1 
Figure 2, p. 288). Also a comparison was made of the precipitation 
as estimated by elevation alone and that estimated by the four topo-
graphic parameters (28, Figures 3 and 4, p. 289). The correlation 
coefficients using elevation alone and using the four parameters were 
0. 55 and O. 94 respectively. Areas regularly subject to greater rain-
fall should have higher runoff coefficients. 
APPROACH OF THE ANALYSIS 
A precipitation regime is characterized by a particular time 
sequence of historical rainfalls. The Stanford Watershed Model 
provides an ideal tool for studying the effect of precipitation regime 
on runoff. Once a given set of watershed parameters have been 
fixed, the input data can be varied by only changing the rainfall 
and evaporation data to the values recorded at another location; 
and another long-term hydrograph can be generated. With the 
watershed characteristics fixed, hydrograph differences must be 
explained by precipitation regime differences. 
For this study, the Cave Creek Watershed at Lexington, 
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Kentucky, was subjected using the Stanford Watershed Model to 
six different rainfall patterns while holding the watershed parameters 
constant at the values initially determined by Clarke (5, pp, 51-53). 
It was recognized that six rainfall pat.terns would not give enough 
information to approach a general relationship between climate 
and runoff coefficient, but it should give some idea on major trends 
and relative magnitudes. It was further reccgni zed that the varia-
tion in runoff coefficient found for the Cave Creek Watershed would 
not necessarily apply to the runoff coefficient for other watersheds of 
different characteristics. A greater variation could be expected for a 
watershed having a lower runoff coefficient, and a smaller variation 
could be expected for a watershed having a higher runoff coefficient. 
However, a more extensive analysis was not in the scope of this 
study. 
The six rainfall patterns used were those recorded at Lexington, 
Louisville, and Baxter, Kentucky, Cairo, Illinois, Cincinnati, Ohio, 
and Sacramento, California (Figure 12). Cairo, Lexington, Louisville, 
and Cincinnati have most of their annual rainfall associated with 
cyclonic lifting, but the most intense storms usually result from 
summer convective activity. Baxter has the same basic pattern 
intensified by orographic influences. Sacramento has predominately 
cyclonic precipitation occurring mostly in the winter and a minimum 
of summer convective activity. 
These locations were selected from among stations with a 
long record of hourly rainfall data in order to give Kentucky as 
much coverage as possible and represent the full variation of rainfa.11 
patterns over the state. Sacramento was used because its rainfall 
pattern differed substantially from that at Lexington, and the rain-
fall data was already available on punched cards . The major 
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Figure 12. Location of Rain Gages and Evaporation Stations 
Location Names 
1 Sacramento, Calif. 
2 Cairo, Ill. 
3 Louisville, Ky. 
4 Lexington, Ky. 
5 Baxter, Ky. 
6 Cincinnati, Ohio 
7 MHan, Ind. 
8 Lakeside, Mo. 
9 Dewey Dam, Ky. 
Dix Dam., Ky, 
Lodi, Calif. 
difference between the Sacramento and the Kentucky climatic pattern 
is that in Kentucky it rains much more and much more evenly over 
the year so the ground always has a substantial moisture content 
while at Sacramento, during the summer, it doesn't rain at all 
and the evaporation rate is significantly higher. 
HYDROGRAPH DEVELOPMENT 
The first step in implementi.ng the Stanford Watershed Model 
was to obtain the necessary input data . Since the same watershed 
was to be used each time and its parameters had already been estab-
lished by Clarke (5, p. 53), the only additional data needed to 
complete this study were the hourly rainfall and evaporation informa-
tion for each of the six locations selected. 
The necessary hourly precipitation data for each location were 
obtained on punched cards from the Weather Bureau. The necessary 
evaporation data were more difficult to obtain. Evaporation data 
collection stations are few and far between. At most Kentucky 
stations, evaporation data is taken only during the growing season 
to leave as much as six months of the year with no information at 
all. Finally, it is difficult to obtain suitable pan coefficients to 
apply to observed pan evaporation values. Fortunately, runoff is 
not nearly so sensitive to evaporation as to rainfall. 
The average monthly pan evaporation was obtained from the 
climatological records (32) for the pan nearest each rain gage. 
For Lexington, data collected at the University of Kentucky were 
used to supplement data collected at Dix Dam, 25 miles to the 
southwest. The same data were used for Louisville, about 80 
miles to the west. Data collected at Lodi, about 40 miles to south, 
were used for Sacramento. For Baxter, data were used from Dewey 
Dam, 66 miles northeast. For Cairo, evaporation data were taken 
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from Lakeside, Missouri, 200 miles northwest. For Cincinnati, 
data from Milan Water Works, Indiana, 21 miles west, were used. 
The locations of these evapbration stations are shown on Figure 12. 
The input to the Stanford Watershed Model requires daily 
average evaporation values for 10-day periods throughout the water 
year. For the winter months, when no measured data were available, 
values were estimated from the seasonal trends noted at nearby 
evaporation pans. Monthly values for each pan location were 
plotted in Figure 13; and from these curves, the daily average 
values _for 10-day periods were taken. The monthly pan coefficients 
used by Clarke (5, p. 38) were applied to the five locations near 
Kentucky. The values used by James (14, p. 183) were used for 
Sacramento. 
Using the 18 years of record for which hourly rainfall data 
were available on punched cards from the Weather Bureau, the 
Stanford Watershed Model was applied to the Cave Creek Water-
shed for the climatological data applying to each of the six loca-
tions. Because of missing data, only 14 complete years of record 
could be obtained for Baxter. Over 50 years of hourly rainfall data 
were available for Lexington, Louisville, and Sacramento, but only 
18 were used to save computer time and to make the analysis for 
the several locations on a more comparable basis. 
From the computer runs for each station, the largest clock-
hour rainfall (Table 5), _the peak rate of overland flow (Table 6), 
and the peak streamflow (Table 7) for each water year were noted 
and recorded. All values were converted to common units of inches 
per hour. Comparison of the three tables shows a substantial differ-
ence among the three types of events in ranking by order of 
magnitude. Only at one location did the largest rainfall produce the 
largest runoff. 
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TABLE 5 
RECORDED PEAK CLOCK-HOUR RAINFALLS* 
Lexington Louisville Baxter Cairo Cincinnati Sacramento 
1944-45 .720 .470 
1945-46 1. 010 .460 
1946-47 1. 120 .550 
1947-48 1. 400 1.380 .300 
1948-49 . 820 .730 .890 1. 380 1. 080 . 310 
1949-50 . 850 1.370 .640 1. 300 .740 .370 
1950-51 1. 270 .990 2.440 1. 160 . 770 .580 
1951-52 1. 000 1.160 .860 2.220 1.400 .670 
1952-53 1.280 .890 2. 490 .740 .820 . 550 
1953-54 1. 650 1. 570 1. 000 1. 920 1. 170 . 310 
1954-55 1. 550 1. 200 .750 2.080 1. 620 . 340 
1955-56 1.450 1. 050 2.050 .870 .790 .390 
1956-57 1.680 1. 200 1.410 1. 810 1. 620 . 380 
1957-58 .920 1.360 .700 1.030 1. 200 .540 
1958-59 1. 130 . 910 .510 1. 250 1. 100 .590 
1959-60 1. 120 1.430 .720 1. 560 1. 440 .290 
1960-61 . 860 .870 .700 2. 190 1. 690 .390 
1961-62 .700 .760 .530 2.350 1. 000 .530 
1962-63 1. 020 - 1. 090 1.160 
1963-64 .980 - 1. 910 1. 560 
1964-65 .780 - 1.360 .850 
1965-66 - 2.480 .790 
* All values in inches/hour 
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TABLE 6 
SYNTHESIZED PEAK CLOCK-HOUR OVERLAND FLOWS* 
Lexington Louisville Baxter Cairo Cincinnati Sacramento 
19114-45 .336 .162 
1945-46 . 079 .072 
1946-47 .224 .042 
1947-48 .989 .893 .004 
1948-49 .188 . 129 .134 1. 031 . 1 79 .016 
1949-50 . 513 .652 .286 .291 .365 ,070 
1950-51 .254 .120 1. 909 .572 ,336 . 155 
1951-52 .442 .271 . 162 .639 ,199 .255 
1952-53 .388 .057 1.644 . 389 . 179 .015 
1953-54 . 118 .258 .408 .577 .245 .049 
1954-55 .698 . 3 19 .406 .603 . 248 .015 
1955-56 .247 .244 .548 .450 .275 .082 
1956-57 .422 .144 ,342 .601 1.004 .022 
1957-58 .487 ,330 .258 .486 .067 . 198 
1958-59 .075 . 311 .100 .582 .. 711 .076 
1959-60 .294 .777 .137 .469 .410 .022 
1960-61 .121 .408 .205 .850 .196 .086 
1961-62 .253 .260 . 105 .566 .242 .202 
1962-63 .180 .068 .582 
1963-64 .443 - 1.490 .411 
1964-65 .223 .532 .291 
1965-66 - 1. 496 .064 
* All values in inches/hour 
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TABLE 7 
SYNTHESIZED PEAK STREAMFLOWS* 
Lexington Louisville Baxter Cairo Cincinnati Sacramento 
1944-45 . 117 .073 
1945-46 .044 .034 
1946-47 . 075 .019 
1947-48 .358 .285 .002 
1948-49 .071 .057 .070 .526 . 072 . 009 
1949-50 .065 .222 .100 . 135 . 122 .032 
1950-51 .080 .062 . 614 .237 . 108 .057 
1951-52 . 160 . 156 .058 .438 .090 .086 
1952-53 .098 . 023 .521 .130 .062 . 0 ll 
1953-54 . 036 .086 . 136 .152 .124 .033 
1954-55 .236 .117 . 186 .199 .083 .016 
1955-56 .080 .095 . 183 .145 .105 .050 
1956-57 .083 .063 .118 .214 .318 .016 
1957-58 . 161 .134 .098 .197 .034 .100 
1958-59 .037 .163 .051 .219 .295 . 029 
1959-60 .150 .344 .053 .190 . 151 . 013 
1960-61 . 049 . 163 .070 .350 .072 .035 
1961-62 .109 . 119 .056 . 17 8 .081 .082 
1962-63 .067 .024 . 190 
1963-64 .174 .498 . 150 
1964-65 .085 . 173 . 124 
1965-66 .489 . 036 
* All values in inches/hour 
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FREQUENCY DISTRIBUTION 
In order to derive runoff coefficients on a frequency basis, 
a frequency analysis of the data on Tables 5, 6, and 7 was required. 
The first step was selection of a frequency distribution applicable 
to the available data. Several frequency distributions have been 
used for this type of study. The Gumbel distribution (12) has 
been in widespread use for many years. A frequency study of rain-
fall and runoff intensities by Schaake and Geyer (26) used a log-
normal distribution. The log-normal distribution is also used for 
frequency analysis by the Soil Conservation Service (30, 3 .18-1). 
The Water Resources Council recently recommended the Log Pearson 
Type III distribution for flood frequency analysis (3 5). 
The Pearson distribution requires estimation of the coefficients 
of skew of the original data. Slade (27, p. 26) concluded from 
significance tests 
that skewness is never a truly significant character-
istic when the sample from which it was computed has 
less than about 140 items ... and that it is quite 
meaningless to use this measure when there are 50 or 
fewer items. 
Since only 14 to 18 years of data were available on Tables 5, 6, 
and 7, there was no point in trying a frequency distribution based 
on more than the first and second moments. 
The choice was thus between the log-normal distribution 
and the Gumbel distribution. Both were tried on rainfalls and over-
land flows to estimate the overland flow coefficient for the Lexing-
ton data. The results are shown on Figure 14. The two distributions 
give quite close estimates of event magnitude for both rainfalls and 
overland flows for events with return periods shorter than 50 years. 
The difference in the overland flow coefficients was also small for 
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at Lexington 
- 64 -
these more frequent events; and since only 18 years of record were 
available, the prediction of events rarer than 50 years becomes 
increasingly questionable anyway. In short, little could be found to 
favor one distribution over the other as better fitting the historical 
data. 
The two curves of overland flow (Q ) on Figure 14 were 
0 
particularly close. These meant that applying the coefficient (C
0
) 
based on the Gumbel distribution to the rainfall intensity (i) based 
on the Gumbel distribution would produce nearly the same results 
as combining these same two variables based on the log normal 
distribution. Thus, the derived runoff coefficients should be based 
on the same distribution as is used in deriving the rainfall intensity 
curves to which they are applied. The choice of the Gumbel distribu-
tion for use in this study was based on the rainfall intensity-duration-
frequency curves currently being used by the Kentucky Highway 
Department being based on the Gumbel distribution (5, pp. 11-34). 
The Gumbel distribution has been found to be well suited for studies 
of rainfall and runoff phenomena (23). 
FREQUENCY ANALYSIS 
The data brought into the frequency analysis consisted of the 
annual maximum values of clock-hour rainfall, overland flow, and 
streamflow as recorded on Tables 5, 6, and 7 respectively. A 
frequency analysis of each of the three types of data was required. 
The runoff coefficients (C and C ) could then be related to frequency 
0 
by computing the ratio of the appropriate pair of values at selected 
frequencies. 
Rainfall Frequency: The rainfall intensity customarily used in the 
rational formula is that for a duration equal to the basin time of 
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concentration. It is not the clock-hour event of Table 6. The time 
of concentration for the Cave Creek Watershed is approximately 60 
minutes (5, p. 39). What was really needed for the rainfall fre-
quency analysis was the annual series of 60-minute rainfall events. 
These would be larger than the clock-hour events except in the 
rare case where the peak rainfall intensity would both begin and end 
on an even hour. 
One approach would be to develop a table giving maximum 60-
minute rainfall for each water year to replace Table 5 as a basis 
for the frequency analysis. However, much of the required data 
was simply not available. No data were available for Baxte~ and 
only 4 of the 18 years were available for Sacramento. For the other 
four gages, 59 out of a possible 72 annual peak intensities were found. 
A ratio of 60-minute to clock-hour intensity was calculated for each 
of the four locations and found to be roughly constant among them. 
The average ratio of 1.232 was then applied to each clock-hour value 
on Table 6 to convert to 60-minute rainfall before beginning the 
frequency analysis. 
Actually, frequency analyses of peak 60-minute rainfall inten-
sities had previously been completed by others in order to derive 
the intensity-frequency-duration curves available for Kentucky 
(5, pp. 13-21). This information was used at first in this study, 
but it was found to not give results compatible with those developed 
in this study for overland flow and streamflow based on the 18 years. 
The published rainfall studies used a longer record and produced a 
better frequency relationship by including more annual storms. 
However, it could not be used to derive overland flow runoff 
coefficients because the ratio obtained in dividing overland flow 
for a given frequency as estimated from 18 years of record by 
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rainfall intensity as estimated for that frequency from a longer 
record was affected by the different number of years in the two 
distributions, Therefore, rainfall intensities as estimated by 
frequency based on 18 years of record were needed, The relation-
ships between rainfall intensity and frequency developed on the 
following pages are merely an intermediate step in developing the 
runoff coefficients and should not be used for obtaining i for sub-
stitution in the rational formula. 
For each of the six loca lions, the annual series of 60-minute 
rainfall intensities for the years shown on Table 5 was used to 
estimate the magnitude of the 100-year event using the Gumbel 
method (21, pp, 250-258). The basic equation is 
- ox X=X+-(Y-Y) 
er n n 
where X = the estimated magnitude of the event for the specified 
frequency, 
X = the arithmetic mean of the events in the historical 
annual series. 
crn = the expected standard deviation of the reduced extremes. 
crx = the standard deviation of the events in the historical 
annual series. 
Y = the expected mean of the reduced extremes. 
n 
Y = the reduced variate, 
The value of Y for the 100-year event is 4, 600. The expected mean 
(Y ) and the standard deviation (Ch) of the reduced extremes were 
n 
taken as O, 5100 and 1. 0095 respectively for Baxter with 14 years 
of record, They were taken as 0.5202 and 1.0493 respectively for 
the five gages with 18 years of record. The mean and the standard 
deviations of the annual series of events being analyzed completed 
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(7) 
the required <la ta . 
Since the frequency relationship established by the Gumbel 
method plots as a straight line on Gumbel extreme probability paper 
developed by Powell (24), the mean and 100-year events were 
plotted on Gumbel paper and connected by a straight line to 
establish the relationship between rainfall intensity and frequency 
for each of the six stations (Figures 15 through 20). The analysis 
was not extended to events more frequent than the mean annual 
event because reliable results could not be obtained without going 
to a partial duration series. Furthermore, these frequent events 
are seldom used for drainage structure design. 
Flow Frequency: The frequency analysis of overland flow events 
and of streamflow events was based on Equation 7 and the data on 
Tables 6 and 7 respectively. The resulting pair of lines for each 
location are also plotted on Figures 15 through 20. 
Resulting Coefficients: Having rainfall, overland flow, and runoff 
as functions of frequency, the rational formula could be applied 
to a series of selected points to determine the relationship 
between the runoff coefficient and frequency for all six locations. 
With all three hydrologic events expressed in inches per hour, the 
runoff coefficient (C) equals Q Ii. The overland flow coefficient 
s 
(C ) equals Q Ii. Both C and C were also plotted against fre-
o O O 
quency (Figures 15 through 20). 
CLIMATIC VARIATION IN RUNOFF COEFFICIENTS 
Figures 15 through 20 portray the variation of rainfall inten-
sity, overland flow, and streamflow with frequency for the six 
locations. Differences among the locations can be seen by 
comparing the results in the six figures. 
- 68 -
Return Period (Years) 
2.33 5 10 25 50 100 200 500 1000 
... I I I I I I I I ----40.7 ::, 0 
~ ~ 6.or 
..c: 0.6 
0 
c: 
.... 
c: 
..... 5. 0 0.5 
~ 
:,, ..... 
-
" >, ::, ..... 0 
·;;; 4. 0 0. 4 ::::; 
c: 0 Q) 
..... 0 c: (D er- .... ::::; (D 
::13.0 0.3 ~-0 
.l,l ~-(D c: ::, ..... 
co ~ p:: ~ 
'O 2. 0 0.2 Q 
c: 
co 
~1.0~ 
4-< 
-------
Q 
-10. 1 
0 
c: 
::, 
c,:: 0.0 o.o 43.33 20 10 4 2 1 0.5 0.2 0 .1 
Frequency (Percent) 
Figure 15. Theoretical Cave Creek Watershed at Baxter, Kentucky 
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Figure 17. Theoretical Cave Creek Watershed at Lexington, Kentucky 
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Figure 18. Theoretical Cave Creek Watershed at Louisville, Kentucky 
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• • 
...., 
... 
.... 
:, 
0 
~ 
Ul 
<!) 
{:; Return Period (Years) 
.S 2.33 5 10 25 50 100 200 500 1000 
c:4 O 0.4 
.... . 
~ 
.... 
~ Co 
>, 
:;:3.0 
Ul 
c: 
<!) 
2' 
-IQ. 3 ::, 
0 
::::: 
c O 
..... 2 0 0 2 o 
• 0 (D 
~ ~ ~ ~ 
m -~ 0 
c: c -~ • (D 
ml,Q l ::, 
o:: 0.1~ 
~ Q ~ c: 0 0 -m s 
00. 0 o O ~ 43.3 20 10 4 2 1 0.5 0.2 0.1' 
tt:: g 
:, 
0:: 
Frequency (Percent) 
Figure 20. Theoretical Cave Creek Watershed at Sacramento, California 
Two questions need to be answered in evaluating the signifi-
cance of the differences among these curves. What effect do the 
different precipitation regimes have on the runoff coefficient? 
What ca uses the variation in the runoff coefficient? 
From the rainfall-runoff-frequency relationships in Figures 15 
through 20, selected values were tabulated on Table 8 to summarize 
the variation among the six locations in the runoff coefficients. 
Also, to supplement the discussion, bar graphs showing monthly 
rainfalls at each of the six locations were prepared (Figure 21). 
These graphs portray the total and the seasonal variation of rainfall 
at each location. 
In the rational formula as normally applied, differences in 
rainfall patterns do not affect the runoff coefficient. The runoff 
coefficient is determined exclusively from the physical character-
istics of the drainage basin surface. No matter where it is located, 
the same basin surface would have the same value for the coefficient. 
This procedure would produce an identical coefficient for the Cave 
Creek Watershed for each location used in this study. However, 
Table 8 reveals a substantial variation following a definite pattern. 
The basic pattern can be developed by examining the SO-year 
overland flow coefficients. The coefficients for other frequencies 
vary in the same basic manner. The value of C increases with the 
0 
mean annual precipitation. It also increases with the frequency of 
high rainfall intensity. The greater total annual precipitation at 
Baxter increases probable antecedant moisture at the time a storm 
hits. The greater rainfall intensity reduces the percentage reduction 
in runoff which can be effected by a given infiltration rate. 
The reasons behind this effect can be visualized by comparing 
the two extreme cases of Baxter and Sacramento. The overland flow 
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TABLE 8 
VARIATION OF OVERLAND FLOW AND STREAMFLOW RUNOFF COEFFICIENTS 
Location Streamflow Overland Flow Rainfall 
Runoff Coefficient Runoff Coefficient In ten-
c c sity 
0 i 
Elev. 10-yr. 50-yr. 100-yr. 10-yr. 50-yr. 100-yr. 50-yr. 
Ft. ......... Inches/Hour .................. • • • • e • 
Baxter, Kentucky 1164 .162 .178 .183 .518 .582 .594 4. 03 
Cairo, Illinois 314 .163 .178 .185 .412 .449 .459 3.51 
Lexington, Kentucky 979 .130 .141 .142 .365 .419 .434 2.85 
Louisville, Kentucky 474 . 151 .168 .182 .378 .451 .473 2.42 
Cincinnati, Ohio 869 . 120 . 132 .13 5 . 335 .395 .412 2.52 
Sacramento, California 17 .107 .136 .144 .282 .334 .339 1. 16 
Mean 
Annual C 
Rain- 0100 
fall ColO 
In. 
50.10 1. 15 
45.23 1. 11 
44.73 1. 19 
41.32 1. 25 
38.02 1,23 
18.02 1. 20 
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Figure 21. Normal Monthly Precipitation 
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runoff coefficient varied between these two stations by a factor of 
1. 74. The difference is largely explained by differences in peak 
rainfall intensities, annual rainfall totals, and monthly rainfall 
variation (Figure 21). Lower annual rainfall at Sacramento would 
make lower antecedant moisture more probable. Also, there is 
practically no rainfall for about four months during the summer and 
early fall. Evaporation rates are much higher in California than in 
the mountains of Kentucky (Figure 13) to dry the soil much more. 
Thus when an intense fall or early winter storm does occur, the 
relatively dry soil is able to absorb most of the rainfall, leaving 
little for overland flow. Because higher values of storm runoff can 
occur at Sacramento only in the later winter and early spring while 
peak rainfall intensities usually occur in the later spring and early 
fall, expected runoff coefficients would be higher where rainfall 
is more evenly distributed. 
On the other hand, the total annual rainfall at Baxter is 
about 2 .78 times that at Sacramento and is relatively uniform 
throughout the year. This, and the lower evaporation rate, gives 
rise to a prevailing higher soil moisture content. When a large 
storm occurs, the rainfall intensities at Baxter for return periods 
greater than 25 years being greater than any of the other five loca-
tions, substantially more than one-half of the rain which falls on 
the watershed flows overland. 
Only for the relatively high values obtained for the Louisville 
precipitation pattern did the runoff coefficient fail to increase with 
rainfall intensity and mean annual rainfall (Table 8). When 
comparing bar graphs on Figure 21, it is observed that the rain-
fall tends to be larger in later summer at Louisville than at Lexing-
ton and Cairo. This gives reason to believe that the soil moisture 
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content may on a probability basis be slighter greater at Louisville 
during this time of intense thunderstorm activity and thus provides 
a plausible explanation for the higher overland runoff coefficients at 
Louisville. 
When the streamflow runoff coefficients on Table 8 were com-
pared, the variation with the rainfall intensity and mean annual 
rainfall exhibited the same basic trend, but the results were more 
sea ttered. In fact, a reverse trend is noted between Baxter and 
Cairo and between Lexington and Louisville. Initially, one might 
postulate for identical watersheds that if the overland flow at one 
location was greater than at another location, the streamflow peak 
would also be larger. However, the streamflow coefficients on 
Table 8 did not always substantiate this reasoning. This scatter 
in the variation of the streamflow coefficients may be attributed to 
variations in typical storm patterns. Where the overland flow value 
is more likely to remain high for a longer time, routing and channel 
storage are less effective in dampening the flood peak. Sacramento, 
where peak rainfall intensities are associated with longer duration 
storms, has relatively larger values of C than of C . 
0 
QUANTIFYING CLIMATIC VARIATION IN RUNOFF COEFFICIENT 
Of the several factors mentioned as influencing climatic varia-
tion in the overland flow runoff coefficient (C ) , the two which 
0 
appeared to be most significant were the mean annual rainfall (an 
index of general soil wetness) and the peak rainfall intensity (an 
index of rainfall rate exceeding infiltration capacity). C increased 
0 
with both factors. To quantify the relationship between these two 
factors and C , the best relationship which could be found was a 
0 
least squares regression between C and their product. The SO-year 
0 
rainfall intensity was used in calculating the product. The correlation 
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coefficient was . 915 . 
The products are shown along with corresponding values of 
C on Table 9, and the least squares regression line is shown on 
0 
Figure 22. A second curve is also plotted to give the ratio (C ) 
c 
of the overland flow runoff coefficient for other locations to that 
at Lexington. 
For rural watersheds not too unlike that at Cave Creek, a 
factor may be read from Figure 22 and multiplied by the value of 
Cb obtained from the subsequently developed coaxial correlation 
of Figure 24 to correct for climatic differences. However, C as 
c 
read from Figure 22 should not be applied to watersheds having 
either a substantially higher or a substantially lower value of Cb 
than does Cave Creek. Less correction is needed for higher values, 
and more correction is needed for lower values. Further, research 
is needed to better quantify the full relationship among climatic 
factors and runoff coefficients for a much wider range of potential 
watershed surface conditions. 
TABLE 9 
CLIMATIC ADJUSTMENT FACTOR FOR SIX LOCATIONS 
c c ** 
Location Product* 0 c 
Baxter 202 0.582 1. 389 
Cairo 159 0.449 1. 071 
Lexington 127 0.419 1. 000 
Louisville 100 0. 451 1. 076 
Cincinnati 96 0.395 0.943 
Sacramento 21 0.334 0.797 
* (Mean Annual Rainfall in inches) (50-year 60-minute rainfall 
intensity in inches per year) 
**Values used to obtain least squares line of Figure 22 
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FREQUENCY VARIATION OF COEFFICIENTS 
Another assumption implied by the way the rational formula 
is normally applied is that the runoff coefficient applicable to a 
given watershed is constant for storms of all frequencies. Figures 
15 through 20 show that the runoff coefficient is not constant with 
frequency. It increases at a decreasing rate with increasing return 
period. The average increase between c 10 and c 100 was about 19 
percent for both streamflow and overland flow. Values seemed to be 
a little higher at the drier locations (Table 8), but the trend was not 
conclusive. 
The ratio at Lexington of the C for any other frequency to the 
0 
SO-year C
0
, called Cf in this study, is plotted on Figure 23. The 
relationship was obtained by dividing C for the other frequencies 
0 
on Figure 17 by the SO-year C . Similar curves were developed for 
0 
the other five locations, but they were not sufficiently different 
from Figure 23 to warrant separate presentation. Cf thus is a 
second correction factor which may be applied to Cb in estimating 
C . The line on Figure 23 agrees closely with that used by Clarke 
0 
(Figure 7) except for return periods shorter than 20 years where 
straight line extrapolation produces a severe overestimation. 
CONCLUSION 
The results of this investigation show that it is not advisable 
to use the same runoff coefficient for all frequency events or for 
all climatic settings. Consideration should be given to the climatic 
conditions of the general area in which the watershed in question 
is located when assigning a value of C to be used in the rational 
formula. The tables and figures in this chapter provide quantitative 
estimates of the magnitude of both variations. 
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Figure 23. Variation of Overland Flow Runoff Coefficient with Frequency 
Chapter V 
CORRELATING OVERLAND FLOW PEAKS 
TO WATERSHED CHARACTERISTICS 
It has been established that a single coefficient based on 
watershed surface properties alone is insufficient to estimate the 
fraction of the rainfall intensity that simultaneously reaches some 
downstream point in the channel. There are simply too many other 
important variables. A better estimate of the runoff fraction (C) 
can be obtained by separating C into a component describing the 
fraction of the falling precipitation which flows overland (C ) as 0 
determined by the watershed surface characteristics and a component 
(C ) describing the fraction of the overland flow intensity which 
r 
simultaneously reaches the downstream point of interest. This 
chapter will be concerned with the determination of the overland 
flow component (C ) from measurable properties of the watershed 
0 
surface. 
IMPLEMENTATION OF THE STANFORD WATERSHED MODEL 
Clarke (5), using the historical record determined the input 
parameters to the Stanford Watershed Model appropriate for the 
Cave Creek Watershed. After hypothesizing a relationship between 
six watershed characteristics and the input parameters, he randomly 
selected values for the six watershed characteristics and estimated 
the input parameters describing 20 hypothetical watersheds. 
Using 49 years of climatological data, a continuous runoff 
hydrograph was synthesized for the Cave Creek watershed with the 
Stanford Watershed Model. For the analysis of the 20 hypothetical 
watersheds, a shorter term of record was needed to decrease 
computer time and expense. Clarke (5, p. 83) describes the method 
used to select a shorter period of record which had nearly the same 
mean and standard deviation of annual flood peaks as did the 49-year 
record. 
Computer runs using the Stanford Watershed Model synthesized 
continuous hydrographs for these shorter periods of record. For 
hypothetical watersheds 1 through 10, a 10-year record was used; 
and for 11 through 20, a 3-year record was used. The computer runs 
by Clarke produced the overland flow coefficients used in this study. 
One of the outputs from the Stanford Watershed Model is the 
values for the 20 highest hourly rainfalls and overland flows during 
the water year. For the 20 hypothetical watersheds, the highest 
hourly overland flow for each year was obtained. Since 10 of these 
sets of overland flow data were based on 10 years of record and 10 
were based on 3 years of record, it was necessary to adjust the 
statistics computed from the annual events of each run so they would 
represent the 49-year record which was available .. 
To initiate the correction procedure, the highest hourly over-
land flows for each year were obtained from the run with the Cave 
Creek parameters and 49 years of synthesized runoff. The mean 
(Q) and standard deviation (a) of the resulting annual series was 
calculated using the entire 49 years (1916-17 through 1965-66), 
the selected 10 years (1921-22 through 1930-31), and the selected 
3 years (1921-22, 1922-23, 1928-29). These values are tabulated 
on Table 10. A correction factor for converting the mean overland 
flow for 10 years of record to that for 49 years on the hypothetical 
watershed was obtained as the difference in the mean using 49 
years of record and that using 10 years. The correction factor for 
the standard deviation was obtained as the ratio of the standard 
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TABLE 10 
CAVE CREEK WATERSHED FLOOD PEAKS: STATISTICAL PARAMETERS 
AND CORRECTIONS FOR DIFFERENT PERIODS OF RECORD 
3 Years Correction Factor 49 Years 
(1917-1966) 
10 Years 
(1922-1931) (1922, 1923, 1929) 10 yrs. 3 yrs. 
a 
0.2811 
0.2357 
0.2327 
0.2327 
0.2930 
0.3545 
+0.0484 -0.0119 
1.0129 0.6649 
deviation using 49 years (a49 J to that using 10 years (a10) or U49/al0. 
The determination of the correction factors for 3 years of record 
followed the same procedure, The correction factors are listed on 
Table 10, 
The highest hourly overland flow for each year was taken from 
each Model run for the 20 hypothetical watersheds. The mean flow 
(Q) and standard deviation (a) of the flows from each watershed were 
then adjusted using the correction factors of Table 10 according to 
whether there were 10 or 3 years of record used. The mean was 
adjusted by addition of the appropriate correction factor, and the 
standard deviation was adjusted by multiplication. 
Having the adjusted mean (Q) and standard deviation (a), the 
50-year event was calculated using the Gumbel frequency analysis 
(Equation 7) based on 49 years of record ('i' = 0.5481 and a = 1.1590). n n 
These values are listed on Table 11. 
The object of this step in the analysis was to obtain the over-
land flow coefficient (C ) for a 50-year event at Lexington, Ken-
o 
tucky, therefore, the 50-year rainfall intensity was needed. The 
60-minute, SO-year storm from the Lexington intensity~duration-
- 86 -
TABLE 11 
MAXIMUM HOURLY OVERLAND FLOWS CORRECTED TO 
49 YEARS OF RECORD FOR THE RANDOM WATERSHEDS 
Random Qo SO-year Q SO-year 
Watershed a (inches/hou0r) c = Q /i 
0 0 
1 .3683 .2352 1.0489 .414 
2 .5229 .2322 1. 1948 .472 
3 .3456 .2679 1.1208 .443 
4 .6587 . 3193 1. 5827 .625 
5 .4505 .2103 1. 0 591 .418 
6 .5560 .2789 1. 3 631 .539 
7 .6163 .2814 1. 4306 .565 
8 .4502 . 3231 1.3852 .547 
9 .6434 .3895 1. 770 5 .700 
10 . 33 74 . 1951 0.9020 ,356 
11 .4914 .2845 1. 314 7 .520 
12 .5498 .2156 1. 173 7 .464 
13 .4964 .2197 1. 1322 .447 
14 .4124 . 2331 1. 0869 .429 
15 .4818 .2508 1. 2076 .477 
16 .4484 . 2110 1. 0590 .418 
17 . 5731 .2169 1.2008 .474 
18 .4681 .1584 0.9265 ,366 
19 .4348 .2432 1.1386 .450 
20 . 5338 .2448 1. 2422 .491 
Cave Creek . 2811 .2327 0. 9631 .381 
frequency curves was not used because the overland flows were in 
clock-hour values. Therefore, the highest clock-hour rainfall 
value for each of the 49 years of computer output was obtained .. 
The mean and standard deviation of the events in the annual series 
were calculated, and a Gumbel frequency analysis indicated the 
SO-year hourly rainfall to be 2. 5302 inches per hour. This rainfall 
intensity was used to estimate C for the last column of Table 11. 
0 
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THE CORRELATION PROCEDURE 
Values for C are found on Table 11 for the 20 hypothetical 
0 
watersheds and the actual Cave Creek Watershed. Values for C O 
and the watershed characteristics for the 20 random watersheds 
(from Clarke), excluding the time of concentration, are shown in 
Table 12. The parameters Clarke varied with time of concentration 
(5, p. 82) do not affect overland flow within the Stanford Watershed 
Model. 
In the correlation between overland flow and surface character-
istics, the coefficient (C ) is the dependent variable to be determined 
0 
as a function of the watershed characteristics as the independent 
variables. The correlation method used was graphical curve fitting 
by coaxial correlation. This method is well suited to curvilinear 
relationships depending on several independent factors. The corre-
lation began by seeking a set of curves with the watershed character-
istics progressing through the correlation in the same order as Figure 
6. However, after several trials and adjustments, it was found that 
the average error with which C could be estimated for the 20 hypo-
o 
thetical watersheds was not within the desired precision. For rare 
storms the watershed approaches saturation, and the depth of 
hydrologic activity, permeability, and slope seem to have a greater 
effect than impervious area and exposed surface. Therefore, the 
sequence of the characteristics within the coaxial correlation was 
changed to that shown in Figure 24. After revising the order of the 
watershed characteristics, a satisfactory set of curves (Figure 24) 
was developed for estimating the SO-year overland flow coefficient 
(C ) based on the Lexington precipitation regime from the quantita-
o 
tive measurement of five watershed characteristics through the 
process of coaxial correlation. 
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TABLE 12 
WATERSHED CHARACTERISTICS FOR 20 RANDOM WATERSHEDS 
Random Exposed Impervious SO-Year SO-Year 
c c Watershed Surface Area Permeability Depth Slope 0 0 
Index Percent (In. /Hr.) (In.) (Ft. /Ft.) (Table 11) (Figure 24) 
1 85 20 3.80 22 . 12 .414 .472 
2 18 42 5.10 13 .33 .472 .501 
3 66 4 3.60 39 . 10 .443 .415 
4 49 34 3.20 57 .36 .625 .615 0:, 
5 87 36 17 . 19 .418 .486 (J:, 5. 80 
6 48 29 4. 10 50 . 15 .539 .429 
7 14 28 2.50 55 .34 .565 .518 
8 82 5 3.20 42 .25 .547 .506 
9 90 31 6.00 30 .40 .700 .716 
10 77 22 4.90 34 .04 .356 .375 
11 71 21 3.20 33 .38 .520 .597 
12 36 41 4.70 44 . 15 .464 .440 
13 12 34 2.50 20 .06 .447 .452 
14 74 23 4.40 31 .31 .429 .502 
15 26 4 1. 80 48 .23 .477 .485 
16 7 29 3.50 32 .13 .418 .421 
17 6 44 4. 10 51 .04 .474 .390 
18 38 38 6.00 24 .08 . 366 .385 
19 46 19 2.50 23 . 12 .450 ;473 
20 15 22 1. 60 52 .21 .491 .494 
C_ave Creek_ . 56 0 . 3 .. 25 24.5 .075 .381 . 42.6 
, 111H~.1::,i1Iltilil.ii ..•. : 
: ·H~:DRdLOGI.C! ,'ACT.IVITY 
;:: 1·(1in!O'br~t\:\:tf) j·!'1~:'./'..: 
r·;·!:: 
I' 
l' 
I 1 
,,,~,, ,,,,11,•ll,11' I I I ; l ~ 1 l ' ' 1 t t ' I I l I I I 1 I I I I I I I I I 
1 I 1 t I I ' JI I 11 l t I I I I : I : ) ' It I ! I I 
- --~r-1--~~ - -: ,11::;/!-,-lr}-~trl-'.-j: 1 • :· 1; 1'. 1 :I i '. 1 
,, f1.o 0.1 .o,a1101~11,o,e\,'lo.a,:1,~.4 o.3 o,z 0.1, I , , 1 , , - , • , , , 1 1 , 1 , I' 'I ' : , , , 1 • . , I ' I ·, , : , 
,·'+-1-1' · 'OVER't;AND['l~uo,:' l·fRUNOl!'F,.,.COE,~FldlENT, ·c--·- ....... ,---, ~-, --·-I 
I ' I [I' 11' 1111 I iill''i'l l' ''Sil'. llilli' tW' I I - b I- ' I'' j,1 . I 1. . : . 1 11 , 11 1 1 ., .. -'.,1, c1 11-1 i-. , - 1-,-' -1+ -1 , ... J-· , , 1, ·1" .. , · 1 L ____ ! 1 1 I l l 1.:..1' ~ i 1_1 .. I_I_ ~1_uJ_L1 1-1- -L ,-':lj_J _ _;_ __ iLlJ LLi±L11 l L1 1 1 i ! 
Figure 24. Curves for Estimating Basic Overland Flow Runoff Coefficient from 
Watershed Characteristics. 
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The correlation gives very good results for the 20 hypothetical 
watersheds (Table 12). For the actual Cave Creek Watershed, the 
overland flow coefficient (C ) determined from the correlation was 
0 
about 12 percent greater than that obtained from the Stanford Water-
shed Model using the 49 years of record. 
ADJUSTMENTS TO THE COAXIAL CORRELATION 
The coaxial correlation of Figure 24 provides the SO-year 
overland flow component (C ) of the runoff coefficient (C) for a 
0 
2. 53-square-mile drainage area subjected to Lexington rainfall. 
If the results are to be extended to predict streamflows associated 
with oe£Urrences of different frequencies, drainage areas of different 
sizes, and locations having different rainfall patterns, some adjust-
ments are necessary. 
APPLICATION TO AREAS OF DIFFERENT SIZE 
While the correlation of Figure 24 was based on data developed 
for the 2. 53-square-mile Cave Creek watershed, the overland flow 
coefficient (C ) is independent of drainage area (for areas smaller 
0 
than 20 square miles in and around Kentucky). However, in order 
to determine the total runoff coefficient (C), the fraction of the peak 
rate of overland flow which contributes to t1"1e peak streamflow (C ) r 
must still be determined. 
Drainage area size is one of the principal factors affecting 
C . Other factors being equal, the larger the area, the smaller the 
r 
value of C will be. The maximum value will be 1. 0 for very small 
r 
areas. Thus C represents an upper limit on the tot.al runoff coeffic-
o 
ient and should be consistently greater than observed values. 
Evaluation of C requires systematic routing of flows from 
r 
every point in the basin to the mouth, The basic procedure would 
be to subdivide the basin into small units, estimate hydrographs 
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from these sma.ll areas ba sect on C , and route each hydrograph 
0 
to the mouth, C would equal the peak flow in the combined 
r 
hydrograph divided by the sum of the peaks from the smaller areas, 
Accuracy and computational effort would both increase with 
decreasing unit size. It was not in the scope of this study to 
perform this operation for the 39 natural watersheds. 
CORRECTION FOR LOCATIONS HAVING DIFFERENT RAINFALL PATTERNS 
Since Figure 24 is based on Lexington rainfall, C
0 
obtained 
therefrom must be adjusted for watersheds located in different rain-
fall regimes. This problem was analyzed and discussed in Chapter 
IV. The adjustment is made by multiplying the SO-year C from 
0 
Figure 24 by a factor (C ) obtained by entering Figure 22 with the 
c 
product of the average annual rainfall and the SO-year 6Ei-minute 
rainfall intensity for the area in which the watershed is located. 
CORRECTION FOR DIFFERENT FREQUENCIES 
Figure 24 is based on a SO-year recurrance period. If the 
over.land coefficient is desired for some return period other than 
50 years, an adjustment is necessary. Figure 23 provides a correc-
tion factor (Cf) to be used as a multiplier for the C
0 
obtained from 
Figure 24 to adjust the SO-year C to C for the desired frequency. 
0 0 
COMBINED CORRECTION FOR BOTH FREQUENCY AND RAINFALL PATTERN 
At this point, the interaction between the rainfall pattern 
correction and the frequency correction must be considered. The 
basic correlation gives Cb or the SO-year C
0 
based on Lexington 
rainfall. Correction factors have been provided to adjust for a water-
shed in another rainfall regime and for other frequencies. If either 
one or the other adjustment is necessary, the foregoing procedure 
is adequate. If both adjustments are necessary, it is necessary to 
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consider whether the two correction factors could simply be 
multiplied to get a combined correction factor. 
The problem can be better explained through the use of an 
example. If the 100-year C was desired for a watershed near 
0 
Sacramento, the SO-year C for Lexington could be read from 
0 
Figure 24. Adjustment is needed for both frequency and rainfall 
regime. Correction for frequency is made using Figure 23 to get 
the 100-year C at Lexington. To adjust for rainfall regime 0 . 
difference, it is not strictly correct to enter a relationship between 
the SO-year C and rainfall regime (Figure 22). A relationship is 
0 
needed between the 100-year C and rainfall regime. However, 
0 
examination of Table 8 showed the variation between the 10-year 
and 100-year values among the six locations was essentially the 
same. Therefore, it was concluded that the two correction factors 
may be combined where needed. 
PROCEDURE FOR ESTIMATING THE OVERLAND FLOW COEFFICIENT 
The procedure for estimating the overland flow component 
(C
0
) of the runoff coefficient is thus as follows: 
1. From the sources of information and according to 
procedures discussed in Chapter III, evaluate exposed 
surface, impervious area, slope, permeability, and 
soil depth. 
2. Enter Figure 24 and read the basic value (Cb) for the 
S 0-year overland flow coefficient. 
3. Obtain the value of the SO-year, 60-minute rainfall 
intensity and mean annual rainfall for the area in which 
the watershed is located. This information may be 
estimated from maps contained in the Rainfal.l Frequency 
Atlas of the United States, Technical Paper No. 40, 
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prepared by the Department of Commerce and can be 
obtained from the Superintendent of Government Docu-
ments, U. S. Government Printing Office, Washington 
D. C. Ca.lculate the product of these two values and 
use it to enter Figure 22 and read a correction factor 
(C ) • 
c 
4. Enter Figure 23 with the frequency desired and read a 
correction factor (C _). 
I 
S. Calculate the overland flow coefficient by combining 
the three factors in the equation: 
c = c c c 
O C f b 
where C = the overland flow coefficient for a flood 
0 
c 
c 
cf 
Cb 
= 
= 
= 
event of desired frequency, from a water-
shed of known location. 
Correction factor for climatic differences 
(obtained from Figure 22). 
Correction factor for differences in fre-
quency (obtained from Figure 23). 
SO-year overland flow coefficient at 
Lexington (obtained from Figure 24). 
APPLICATION OF THE PROCEDURE TO THE 39 WATERSHEDS 
(8) 
In order to evaluate the method developed in this report for 
estimating the overland flow runoff coefficient, it was used to 
compute a va Lue of C for each of the 39 watersheds listed on Table 
0 
1 and having the characteristics noted on Table 3. The results were 
compared with the SO-year streamflow events as estimated by Clarke's 
method and from analysis of recorded flows. For the Kentucky 
watersheds, peaks were also estimated using the procedure employed 
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by the Kentucky Department of Highways based on Figure 2. 
where 
The SO-year overland flow (Q ) was estimated as: 
0 
Q = 640 C I A 
O OW W 
Qo = overland flow in cubic feet per second. 
I = the rainfall intensity in inches per hour for the w 
particular watershed (Table 4). 
A = the watershed area in square miles (Table 4). w 
c = the overland flow coefficient (Equation 8). 
0 
The annual precipitation and SO-year, 60-minute rainfall 
intensities for each watershed are listed on Table 13 and were 
(9) 
used to estimate C based on Figure 22. Since the return ~eriod is 
c 
SO-years, C = 1. 0, and C = C C , Table 13 also contains the 
f O C b 
values for the runoff coefficient (C) which would be obtained by the 
Kentucky Department of Highways from Figure 2 for the nine Kentucky 
wa ter:sheds. 
The 50-year flood peaks for each of the 39 watersheds deter-
mined by each of the four methods discussed in this report are 
presented bn Table 14. The flood peaks for the nine watersheds in 
Kentucky based on the method presently used by the Kentucky Highway 
Department were estimated using Equation 9 based on the C rather 
than the C of Table 13. 
0 
EVALUATION OF THE RESULTS 
The values of Q for the watersheds in North Carolina were 
0 
substantially higher than those for the other watersheds. The 
difference between Q and the corresponding flood peak estimated 
0 
from historical data was also substantially greater. This effect can 
be attributed to the facts that all but one of these watersheds were 
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TABLE 13 
OVERLAND FLOW RUNOFF COEFFICIENTS FOR 39 NATURAL WATERSHEDS 
Mean Annual SO-Year, 60-Min. c c c c Watershed Precipitation Rainfa.ll Intensity Product b c 0 
(Table 1) (In.) (In. /Hr.) (Fig. 24) (Fig. 22) (Eq. 8) (Fig. 2) 
1 50 2.85 142 .440 1. 04 .458 .28 
2 50 2.69 134 .610 1. 02 .622 .45 
3 41 2.59 106 .430 0. 94 ,404 . 21 
4 41 2,59 106 ,448 0,94 .421 . 21 
5 46 2.65 122 . 501 0,98 .491 .13 
6 51 2.70 138 .440 1. 03 .453 . 21 
7 51 2.70 138 .442 1. 03 .455 . 21 
<.D 8 47 2.74 129 .447 1. 01 .451 .24 
0--
I 9 46 2.65 122 .460 0.98 .451 .22 
10 41 3.10 127 .458 1. 00 .458 
11 41 2.97 122 .376 0.98 .368 
12 41 3.10 127 .355 1. 00 .355 
13 44 3.06 135 .354 1. 03 . 365 
14 38 3.34 127 .544 1. 00 .544 
15 45 2.82 127 . 511 1,00 . 511 
16 47 2.79 131 .501 1. 01 .506 
17 39 2.33 91 .467 0.90 .420 
18 40 2 .42 97 . 388 0.93 . 3 61 
19 37 2.43 90 .460 0.90 . 414 
TABLE 13 - Continued 
Mean Annual SO-Year, 60-Min. 
Cb c c Watershed Precipitation Rainfall Intensity Product c 0 
(Table 1) (In.) (In ./Hr.) (Fig. 24) (Fig. 22) (Eq. 8) 
20 42 2.57 108 .464 0.95 .441 
21 43 2.57 110 ,470 0.96 .451 
22 43 2.55 110 .458 0.96 .440 
23 51 2.83 144 . 497 1. 04 .517 
24 51 2.84 145 ,510 1. 05 , 535 
25 54 2.79 151 .471 1. 07 .504 
26 54 2.79 151 .471 1. 07 .504 
u;, 27 34 2.69 91 .457 0.90 . 411 
__, 
28 34 2.72 92 .415 0.91 .378 
29 35 2.62 92 .500 0.91 .455 
30 37 2.77 102 .471 0.93 . 438 
31 40 2.94 ll8 .428 0.98 .419 
32 75 2.92 219 .595 1. 25 .744 
33 75 2.92 219 .561 1.25 . 701 
34 75 2.93 220 .SOD 1.25 .625 
35 80 2.90 232 . 583 1. 28 . 746 
36 80 2.90 232 .518 1. 28 .663 
37 79 2.87 227 .550 1. 27 .698 
38 78 2.88 225 .590 1. 26 .743 
39 55 3. 10 170 .467 1.12 .523 
TABLE 14 
SO-YEAR FLOOD PEAKS BY VARIOUS METHODS 
Over.land Clarke's Ky. Highway 
Watershed Historical Flow Method Dept. Method 
(Table 1) (Table 4) (Eq. 9) (Eq. 9) (Table 4) 
cfs cfs cfs cfs 
1 1315 1235 338 755 
2 2520 7285 1670 5260 
3 3970 3665 1305 1910 
4 4380 3476 1602 1730 
5 633 2847 305 753 
6 255 1313 174 609 
7 294 1120 149 517 
8 1452 1230 405 655 
9 10770 9109 2629 4440 
10 4153 11736 1788 
11 2687 10382 40 
12 5860 5811 70 
13 1515 3696 405 
14 4635 7320 4170 
15 1050 8507 1409 
16 503 6788 2073 
17 369 2217 462 
18 2356 2634 976 
19 1425 3602 900 
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TABLE 14 - Continued 
Overland Clarke's Ky. Highway 
Watershed Historical Flow Method Dept. Method 
(Table 1) (Table 4) (Eq. 9) (Eq, 9) (Table 1) 
cfs cfs cfs cfs 
20 7243 5100 1400 
21 2577 4000 805 
22 3867 3361 1530 
23 9172 8737 1980 
24 3539 14381 2000 
25 1605 4030 1491 
26 1520 4016 1680 
27 3294 2766 727 
28 3359 10162 940 
29 1768 3742 1340 
30 1083 3966 1692 
31 1773 5966 1276 
32 1898 17215 1740 
33 1870 15062 1610 
34 1151 10419 1940 
35 11369 18067 3100 
36 1082 9823 725 
37 1888 23994 1800 
38 1787 20474 1650 
39 3043 10604 1960 
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located in the high mountains with very steep slopes, the rainfall 
intensities were relatively high (almost in every case substantially 
exceeding the infiltration rate), and the areas were large. The loss 
between overland flow and streamflow peaks could be attributed to 
the dampening effect of flooding in the flatter bottom lands along the 
streams and the relatively large drainage areas, 
As expected, the 50-year overland flow estimated from the 
method presented in this chapter was larger in nearly every case 
than the flood peaks estimated from the historical record, In the 
few cases where the historical record indicated higher peaks, the 
excess was relatively small and probably not statistically significant 
considering that the 50-year peaks were estimated from less than 25 
years of record. Thus the values of C as obtained from the coaxial 
0 
correlation and corrected for frequency and precipitation regime do 
indeed prove to be a ceiling to the values of C computed from the 
historical record, 
Under certain conditions, intense rainfalls on part of a basin 
may produce greater flood peaks than a storm of lesser intensity 
covering the whole basin. A portion of the basin has a shorter time 
of concentration and hence a higher corresponding rainfall intensity, 
If the percentage increase in rainfall intensity exceeds the percent-
age reduction in contributing drainage area, the flood peak will be 
higher from the portion of the basin than from the basin as a whole. 
The increase will be greater if the watershed surface character-
istics indicate a higher value for Cb for the basin portion than for 
the basin as a whole. This effect is most likely to occur in basins 
of long-narrow shape. It may account for some of the historical 
flood peaks on Table 14 which are greater than the overland flow 
flood peaks. 
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The rainfall intensities shown on Table 13 show the values of 
i for the 39 small watersheds to vary over a fairly small range. 
w 
It would be reasonable to expect that for very small watersheds 
(less than one square mile) the much smaller time of concentration 
would dictate use of a much higher i . This higher i would favor 
w w 
use of a still higher runoff coefficient because of the lower percentage 
loss associated with higher intensities. It is therefore recommended 
that the method developed in this report not be used for very small 
drainage areas without further study of this effect. Of course, 
the opposite effect would prevail for drainage basins much larger 
than those used in this study, but the rational formula should not 
be used for such large areas anyway. 
The general trend noted from Table 14 was for the relative 
difference between the overland flow and the historical flood peaks 
to increase with drainage area. However, so many other factors 
influence this trend that no further study was made. 
The values on Table 14 also point out the inadequacy of the 
method used by the Kentucky Highway Department to estimate flood 
peaks. The values for the nine Kentucky watersheds are grossly 
over-estimated in some cases and grossly underestimated in others. 
Clarke's method based on watershed characteristics evaluated from 
published data did not seem to improve the estimates much. The 
values for C found in this study give a reasonable ceiling, and the 
0 
results would certainly be much improved by considering alternative 
basin portions for that producing the critical combination of i and 
w 
A (Equation 9) and by evaluating C through streamflow routing. 
w r 
- 101 -
Chapter VI 
SUMMARY AND CONCLUSIONS 
BASIC APPROACH 
Drainage structure design requires the best possible estimate 
of flood peak by frequency at the preposed structure location. For a 
large structure such as a major bridge or dam, a detailed hydrologic 
study should be completed. However, the manpower, time, and 
expense required by such a study cannot be justified for individual 
small structures such as are required each time a highway crosses a 
small waterway. 
The most logical approach to the small scale problem is to use 
the detailed hydrologic studies to develop empirical procedures for esti-
mating flood peaks from small drainage areas based on easily measured 
characteristics of the tributary area. The empirical procedures might 
follow one of many alternative levels of sophistication. The simplest 
procedures are the easiest to apply but give the most approximate 
answers. The most complicated procedures achieve better results 
but require more time to apply. Each agency must evaluate the proced-
ure it uses in terms of cost of execution and the consequences of using 
approximate results for design. 
The Stanford Watershed Model provides one of the most powerful 
tools available for studying the runoff cycle for the purpose of esti-
mating flood peaks. However, it is not practical to apply it to every 
individual small watershed where a drainage structure is required. 
In keeping with the above philosophy, the approach of this study has 
been to use the Stanford Watershed Model as a basis for developing 
a correlation between the watershed characteristics and the relation-
ship between flood peak and frequency. 
SPECIFIC APPROACH 
In a complete hydrologic study, the watershed is subdivided 
into sections. The local hydrograph is developed from each section. 
The local hydrographs are routed downstream and combined to get the 
total hydrograph (Figure 25). If the sections are so small that their 
discharge is predominately overland flow, the section hydrograph is 
an overland flow hydrograph. Its peak (Q ) may be taken as some 
0 
fraction of the peak rainfall intensity (i) where both peaks are defined 
on a frequency basis. The fraction (C ) depends on the nature of the 
0 
watershed surface, the probable soil moisture content, and the rainfall 
intensity. This study has concentrated on evaluating C . 0 
To predict the resultant streamflow, each overland flow hydro-
graph must be routed downstream to a common point. The peak of the 
resulting routed hydrograph (Q) is some fraction of the sum of the 
overland flow hydrograph peaks (1:Q ) . The fraction (C ) depends on 
o r 
the areal distribution of C , the basin shape, the drainage pattern, 
0 
stream velocity, stream cross section, and tributary area. Evaluation 
of C as a function of these basin variables was not in the scope of 
r 
this study. The runoff coefficient (Ci as applied in practice is really 
the product of these two fractions (C and C ) . 
r o 
APPLICATION OF APPROACH 
One way to apply the values of C estimated by the procedure 
0 
developed in this report to estimate the flood peak from a storm of 
prescribed frequency would be to subdivide the total basin into a 
large number of small, relatively homogeneous areas. For each small 
area the watershed characteristics (depth of hydrologic activity, 
permeability, overland slope, soil surface exposure, and impervious 
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Figure 25. Combining Overland Flow Flood Peaks 
area) could be evaluated and the overland flow base coefficient 
(Cb) obtained from Figure 24. From place to place to place within 
most small watersheds, C will not vary significantly; however, 
c 
in steep terrain, orographic influences can cause characteristic rain-
fall intensities and amounts to vary significantly over short distances. 
Cf would depend on the frequency of the event desired. C
O 
for each 
area may then be calculated from Equation 8. The resulting runoff 
coefficient for each small area would give the information needed to 
develop each local overland flow hydrograph (21, pp, 209-211). 
A number of routing techniques are available for routing these hydro-
graphs downstream. 
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However, a more approximate approach but one which is much 
quicker to apply and hence more suitable for use by practicing 
engineers for predicting flood peaks from small drainage areas is to 
treat the area tributary to a proposed drainage structure as a single 
unit. Ba sin wide average watershed characteristics should then be 
determined to estimate C for application in Equation 9 to estimate 
0 
Q . Areal weighting should be used in estimating basin wide average 
0 
watershed characteristics for a heterogeneous drainage area. 
The resulting Q would then be converted to Q by multiplying by 
0 
Cr. Further study is needed to evaluate Cr from basin characteristics 
so the procedure can be completed. Clarke's method of combining 
C through introducing the time of concentration into the correlation 
r 
for Cb did not prove particularly successful as shown by the results 
of the study based on 39 natural watersheds. 
STUDIES TO REFINE THE PROCEDURE 
The studies in this report have shown conclusively that runoff 
coefficients are quite sensitive to variations in watershed character-
istics and climatic conditions. The analysis of the many interactions 
inherent to the development of a relationship between runoff coeffic-
ients and watershed characteristics has been made possible by the 
Stanford Watershed Model and the digital computer. Through their 
use, a procedure was developed by Clarke for relating flood peak 
by frequency to measurable watershed characteristics. This study 
began with the need to test Clarke's method against the frequency 
analysis of historical stream gage records at a number of small 
natural watersheds and the need for analysis of the effect of climatic 
conditions on the runoff coefficients. The first test was based on 
39 gaged natural watersheds having areas less than 20 square miles. 
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The results (Chapter III) indicated that Clarke's method cons is-
tently underestimated the historical flood peaks. This difference was 
attributed partly to insufficient consideration of the dampening effects 
of streamflow routing and partly to the difficulty in obtaining from 
published sources reliable values for the watershed characteristics. 
This study then concentrated on evaluating the interaction 
between the watershed surface and overland flow. A method was 
developed for estimating the overland flow coefficient through the use 
of five measurable watershed characteristics based on Lexington rain-
fall patterns and the Cave Creek watershed as analyzed by the Stanford 
Watershed Model (Figure 24). It was also shown that the runoff 
coefficient does vary substantially with frequency and climatic 
conditions. The overland flow coefficient may be adjusted for appli-
cation at any frequency or climatic setting by adjustment for these 
variations. 
Further studies are needed on the combined affects of basin time 
of concentration, size, and shape on the flood peaks. Often, part 
of the watershed is the main contributor to major flood peaks. This 
means that most of the flood flows could consistently come from a 
portion of the watershed having a much shorter time of concentration 
than the whole watershed. If the resulting larger rainfall intensity 
and higher runoff fraction have a greater effect than the reduction in 
drainage area, runoff from the more intense storm over the basin 
portion will produce the maximum flood peak. Futther research is 
needed to develop empirical rules for recognizing such situations 
and developing flood peaks for drainage structure design when they 
do occur. The 39 watersheds used in this report could be used for 
such s tu dies. 
It was discovered that reliable data on important watershed 
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characteristics were not obtainable much of the time from published 
sources. The characteristic which presented the most difficulty 
was soil permeability by depth. It is very difficult to estimate soil 
depth, permeability, and land use in a specific area without some 
field investigation. Sometimes the soil characteristics vary 
considerably within small areas, and this variation may not be 
detected from the published information. Supplementary field investi-
gation or use of recent aerial photos is recommended. A standardized 
procedure for estimating these values is needed. 
The method used to measure soil exposure also needs additional 
study. At present, only trees, grass, and bare ground surfaces are 
considered. An actual watershed has many other intermediate kinds 
of vegetative cover which should be brought into the analysis. 
Crops and natural vegetation vary with season. It is possible to 
determine, on a probability basis, at what time during the year most 
large storms occur. This, then, would indicate the probable type of 
cover and stage of growth. A more refined method is needed to incor-
porate known hydrologic effects of vegetative cover into the evaluation 
of C . 
0 
Further study is also recommended to better establish the factor 
(C ) for adjustment for differing rainfall regime. Since only six 
c 
locations were used in this study, the resulting relationship needs 
to be refined through the use of more locations. Other independent 
variables besides mean annual rainfall and SO-year rainfall intensity 
should be explored. 
Also, the correlation presented by Clarke and the method con-
tained in this report were based on 20 random watersheds and an 
hypothesized relationship between watershed characteristics and 
the Stanford Watershed Model parameters. Further studies are needed 
- 107 -
to verify this hypothesized relationship. It is also recommended 
that more random watersheds be used to better determine how 
the watershed characteristics affect overland flow. No points were 
available to guide the curves in large areas of Figure 24. More 
points would be particularly helpful for basins on flatter overland 
slopes with no impervious area. 
CONCLUSION 
The Kentucky Highway Department currently estimates the 
runoff coefficient from natural drainage areas as uniform from all 
basins within large areas covering several thousand square mi.Les. 
However, the runoff coefficient may vary considerably over small 
distances due to differing characteristics of the land surface. The 
method developed in this report estimates the overland flow runoff 
coefficient from the characteristics of the local watershed. It is 
recommended that local conditions be considered for all small 
natural watersheds. 
The method developed herein provides an upper limit for the 
runoff coefficient. When further studies have been done to relate 
the effects on stream routing of measurable watershed character-
istics, the results when combined with this study should provide a 
straightforward procedure for obtaining design flows. 
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